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ABSTRACT
Tangen, Alyssa, M.S., Department of Agribusiness and Applied Economics, College of
Agriculture, Food Systems, and Natural Resources, North Dakota State University,
December 2009.  The Impact of Expected Structural Changes in Demand for Agricultural
Commodities in China and India on World Agriculture. Major Professor: Dr. Won W. Koo.
The objective of this study is to evaluate the changes in import and export demand
in China and India on the United States and global agriculture in 2018. A spatial
equilibrium model is developed to optimize production and trade in China, India, and other
major importing and exporting regions in the world. This research focuses on four primary
crops: wheat, com, rice and soybeans. In the model China and India are divided into 31 and
14 producing and consuming regions, respectively. The model also includes five exporting
countries and ten importing countries/regions.
The results indicate that India will be able to stay largely self-sufficient in 2018 and
China will increase its soybean and com imports to meet rising domestic demand. The
research also gives perspectives on production and trade in the United States and other
major exporting and importing countries.
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CHAPTER I. INTRODUCTION
The twenty-first century has brought about a changing landscape in global
agriculture.  New challenges are arising in order to feed the growing world population on
the same amount of arable acres.  In the past fifty years, technology has made enormous
strides in improving yields, which has allowed for the record harvests evident in recent
years.  However, technology is increasing at a decreasing rate and whether technology will
be able to keep up with increasing demand remains to be seen.  Additionally, acres are
being taking out of production to accommodate growing populations and urbanization.
These conditions have led to questions of how agriculture will have to continue to change
to meet this challenge and how this will affect competitiveness in global trade.
Another changing aspect is the countries that are emerging as major players in
global agricultural markets.  Over the past twenty years, developing countries are playing
increasingly important roles, along with developed nations that have dominated the trade in
the past, such as the United States, the European Union nations, and Japan.  Developing
nations have experienced economic prosperity and have thus been increasing their exports
due to gains in technology and imports to feed growing populations and changing diets.
Asia is one region whose developing nations are emerging in global agricultural trade.
Asia has emerged as one of the regions with the largest economic and population
growth, with this growth led by China and India.  Because of their sheer size, these two
countries dominate trade in this region.  In land area, China is only slightly smaller than the
United States and India is about a third of the size of China (The World Factbook, 2009).
However, their main presence is in their large and rapidly growing populations.  The
historical trend of their population growth is shown in Figure 1 . 1  Currently, these two
nations' populations  are ranked first and second in the world, with China's population
measured at 1.3 billion and India's at 1.1 billion (The World Factbook, 2009).  Population
growth in these two countries is unprecedented, with China and India' s population growing
14 and 32 percent, respectively, since 1990 (Population Division Department of Economic
and Social Affairs).  Population growth is expected to increase at a decreasing rate for
China, while India is projected to surpass China in total population by 2045 (Population
Division Department of Economic and Social Affairs).
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Figure 1.1.  Total Populations of China and India 1990-2007 (The World Bank Group, 2009)
Another feature of these two nations that sets them apart is their rapid economic
growth.  Figure 1.2 depicts the historical trend of per capita Gross National Income (GNI)
in China and India.  Since 2000, China has seen an average growth rate of 10 percent in
Gross Domestic Product (GDP), while India has been able to maintain an average of 7.1
percent (The World Bank Group, 2009).  This growth has led to China and hdia being
currently ranked as third and fifth in the world for GDP, respectively (World Fact Book,
2009).  While the current economic crisis has affected these two economies, they have been
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able to retain their economic growth, just at a slower pace than previously.  The World
Bank projects that China will experience 6.5 percent GDP growth in 2009 and India is
projected to achieve 7.1 percent growth in the 2008-2009 year (The World Bank, 2009).
After this time period, projections by the United States Department of Agriculture (USDA)
indicate an average growth rate of 7.6 percent for China and 7.5 percent for India, for the
2009 to 2018 time period (Economic Research Service, 2009).
Figure 1.2.  Gross National Income Per Capita for China and India 1990-2007 (The World Bank
Group, 2009)
As consumers, the Chinese are exhibiting signs of this economic growth.  Their
preferences now include more expensive foodstuffs such as fruits, vegetables, and meats,
and less food grains such as wheat and rice.  These changing preferences mean the country
will be demanding more of certain kinds of grains, such as those used for feedstuffs to meet
the demand of the growing livestock sector.  However, grain production is expected to
decrease as more land and resources are used to accommodate growing urban areas.
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As per capita income is increasing, Indian consumers are also including more fruit
and vegetables in their diet.  However because of cultural differences in comparison with
China, India has not seen a large increase in meat consumption, though the livestock sector
is still increasing to meet the growing demand for dairy products.  The resulting increases    .
in grain demand will likely result in India becoming a major grain importing country; a
new role for a country that has also been self-sufficient until recent years.
Already these two nations are gaining presence in global agricultural trade as a
result of their changing preferences.  Both countries have become large importing countries
of vegetable oils, such as soybean and palm oil.  China, which is ahead of India in
economic growth and in measures to liberalize trade, has grown to become the largest
importer of soybeans globally with imports expected to expand to include over half of all
soybean imports within the next ten years (Food and Agricultural Policy Research Institute,
2009).  In addition while both of these countries have exported grains in the past, they have
since started to keep more stocks to prepare for growing demand in hopes of minimizing
the need for imports.
As these two nations grow and evolve, their growing import demands will certainly
affect global agriculture and the trade flows of global grain trade.  China and India have
made strides to open their borders and allow for more liberal trade regulations, which will
help them as they face the challenge of feeding their growing populations.  But as these two
nations require more grain, what will the impact be on other countries either with similar
import demands or as exporting countries?
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Objectives
The purpose of this study is to examine the expected changes in import and export
demand of Chinese and Indian grains and oilseed and the effects of these changes on world
agriculture.  More specifically, the study will look at the changes in import and export
demand, as a result of changing consumption patterns, in these two countries and how that
will impact agriculture in the United States and other major importing and exporting
countries.
Specific objectives are as follows:
1.   To determine the optimal production and trade flows of wheat, com, rice and
soybeans in China and India based on their resource endowments.
2.   To predict Chinese and Indian crop production and trade flows and their
impacts on world agriculture under different scenarios.
3.   To evaluate the competiveness of the United States and other major exporting
countries in exporting grains to China, India, and other major importing
countries.
Methodology and Scope
To conduct the study a global multi-commodity optimization model based on a
mathematical programming algorithm will be used.  This model will focus on the imports
and exports of wheat, com, rice, and soybeans in 2018.  To determine trade flows in 2018,
crop production data will be projected from historical data using a time trend analysis.
Consumption data in 2018 will be taken from the Economic Research Service, a division of
the United States Department of Agriculture (USDA), publication USDA Agrz.cwJJ%rcz/
BczscJz.72c Projccf!.o#s/or 2009-20J8, the Food and Agricultural Policy Research Institute' s
(FAPRI) publication  2009 U.S. cz#d WorJd Agr!.cz¢Jf%rcz/ Owf/oak, and an econometric
estimation.  Production and consumption data will determine import and export demand for
all regions; trade flows will then be determined based on comparative advantage.  This will
allow an analysis of changes in trade patterns as a result of changing consumption in these
maj or developing countries.
Organization of Study
There are five additional chapters in this study.  Chapter two is background
information on the evolution of agriculture and trade in China and India and their roles in
world grain trade.  Chapter three is a literature review summarizing past research done on
similar topics.  Chapter four provides research methodology and modeling.  Chapter five
explains the empirical results of the global multi-commodity optimization model.  Chapter
six provides a summary and conclusions.
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CHAPTER 11. BACKGROUND INFORMATION ON CHINA AND INDIA
Global agriculture is experiencing a number of new challenges.  These new
challenges include the changing role of developing countries, increasing biofuel
production, climate change, and increasing food security issues.  In addition, technology,
which has fueled production growth through increased yields, is increasing at a decreasing
rate and there are increasingly less resources available to be used in agriculture production.
The global community is faced with how to manage these challenges in an environment
where there are escalating demands on production.
The changing role of developing countries is playing an expanding role in global
grain markets.  According to the principles of competitive advantage, developed nations
have a comparative advantage in producing capital and technology intensive commodities
and developing countries have a comparative advantage in producing labor-intensive
commodities, including agricultural goods.  This is due to developed nations being
endowed with capital and technology and thus able to purchase large quantities of grain,
and developing nations being labor endowed and thus able to use their resources to produce
grain.  These roles have shifted over the past thirty years.  While there are cases where
these roles are still intact, Japan is a developed nation that is large grain importer.  There
are many cases where it is not, the United States is the largest exporter of wheat, com, and
soybeans in the world.  In relation to agricultural productivity, in recent years, inputs have
been highly substitutable; agricultural products are capital and technology intensive in
developed countries, while they are still labor intensive in developing nations.
Developing countries, while still large grain producers in some cases, are
increasingly becoming large importing countries in order to feed growing populations.
China and India are excellent examples of this shift.  China, while still often an exporter of
rice, wheat, and in some year's com, is now the world's largest importer of soybeans.
India is still an exporter of rice and wheat, though both countries are exporting less as they
reserve more to feed their own growing population.
Similar to many other developing countries, China and India have not been large
importing countries of grain.  This is a shift that is expected to happen over the next ten
years as growing populations and changes in consumer preferences due to economic
prosperity begin to play a larger role.  While these two countries have been large grain
producers, particularly in rice and wheat, these shifts in consumer preferences will increase
their need for grains used as feedstuffs.  Consumers in China and India are now consuming
more meat and dairy products and less of their staple food grains of rice and wheat.  This
means more demand for com and soybeans to feed growing livestock industries.
As mentioned, China and India are large producers of rice and wheat.  In the
2007/2008 growing season, China and India produced 30 and 22.2 percent of the world rice
crop, respectively (Foreign Agricultural Service, 2009).  In that same period, China and
India produced 17.9 and 12.4 percent of the world wheat crop (Foreign Agricultural
Service, 2009).  Figures 2.1 and 2.2 shows the role of China and India in global rice and
wheat production from 1990/1991 to 2008/2009.  The figures show that wheat production
has increased slightly in both countries while rice production has stayed the same in China
and increased slightly in India.  In the same time, global rice production has shown a
pattern of steady but small growth.  While global wheat production has been more volatile
comparatively, and has also shown a slight increase.
700,000600,000500,000E400,000:3oo,0oo200,000loo,000019 • `--.`=. . , . .
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China is also a large producer of com, while India produces only a small share of
the global com production.  Figure 2.3 shows the trend of global com production and the
role of China and India.  The figure shows the steep increase in global com production in
the time period as well as increased com production in both China and India.  Similar to
com, global soybean production has also increased significantly as shown in Figure 2.4.
Soybean production in China has stayed relatively the same while production in India has
experienced a slight increase.
Figure 2.3. World Com Production 1990/1991 -2007/2008 (Foreign Agricultural Service, 2009)
Production in these two countries is not expected to slow down; however, their
domestic needs are expanding which is making the need to import inevitable.  As livestock
sectors in both countries have expanded to meet changing consumer demands, both
countries have expanded their production of com and India has expanded its production of
soybeans.  China has been unable to produce enough soybeans to feed its growing livestock
sector and thus has shifted to become a large soybean importer to be able to provide for the
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industry.  Cereal production, while still important in both countries as wheat and rice are a
staple of the diet, has seen some growth mostly to keep up with the demand provided by
the growing population.  The following information on China and India will give
background on historical changes in their economies, changes in their consumption, grain
production, and their role in global grain trade.
Figure 2.4. World Soybean Production 1990/1991 -2007/2008 (Foreign Agricultural Service,
2009)
China
The evolution of Chinese agriculture began with government reforms in the late
1970s.  These reforms began the process of removing the communal farm system and
giving production decisions back to individual producers.  Producers were now able to sell
their products in a free market system, once they had fulfilled quota obligations.  The
government also implemented processes that helped to initiate the use of technology that
was being used abroad.  This allowed for vast technological gains, which greatly improved
yields and thus production.  Also, this began the process of the Chinese beginning its own
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research, which has allowed the nation to continue to expand its yield potential, Figure 2.5
shows the historical growth of yields since 1980 for wheat, com, rice and soybeans.  Since
these reforms, agricultural production and exports in China have tripled (Food and
Agriculture Organization, 2003 ).
Figure 2.5. Historical Yield Data from China 1980/1981-2008/2009 (Foreign Agricultural
Service, 2009)
These reforms also allowed for individuals who were not interested in agricultural
production to begin careers in non-agriculture production fields by creating township and
village enterprises.  The possibility of greater employment opportunities and reforms that
allowed people to choose different careers led to people pouring into urban areas.  At the
time of the reforms, only 17.9 percent of the population lived in urban areas; by 2006 that
percentage had increased to 44.9 percent (China Statistical Yearbook 2008).  Figure 2.6
shows the trend of increased urbanization in China.  As urban areas swell, urban
populations demand a larger amount of resources.  More water is needed to fulfill the
12
growing needs of urban consumers.  Also as cities expand,land is taken out of production
to accommodate the growing urban housing and infrastructure needs.
Figure 2.6. Trend of Urbanization in China 1990-2008 (China Statistical Yearbook 2008)
Since the reforms, China's economy has seen great economic prosperity.  It has
been reported that Chinese per capita GDP has increased by nine times and their value of
exports by ten (Food and Agriculture Organization, 2003).  As mentioned as Chinese
consumers experience this growth in income, they consume more meat, vegetables, fruits,
and oils.  Figure 2.7 shows the changes in domestic consumption of grains and meats since
the time of the reforms.  While increases in rice and wheat consumption remain high, they
are not increasing at the same rate as com and soybeans.  Com and soybeans show a shap
increase since the reforms.  In the category of meats, there is a sharp increase in swine
consumption, though beef and veal and broiler consumption is also increasing at a lesser
rate.
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Figure 2.7. Domestic Consumption in China 1978/1979-2008/2009 (Foreign Agricultural
Service, 2009)
To meet these changing consumer preferences, grain production has changed, as
shown in Figure 2.8.  China is producing more corn to meet the needs of the growing
livestock industry.  In addition, its soybean imports have grown and China is now the
largest importer of soybeans in the world (Foreign Agricultural Service, 2009).  Production
of rice and wheat, while still important to their agriculture sector, has remained relatively
flat.  Comparatively, China is one of the top producers of wheat, rice, and com in the world
despite the small amount of exports of these crops at present.
China will struggle to produce enough to meet growing demand.  There is limited
opportunity to expand arable land.  In fact, land for production will decrease as the growing
population expands urban areas that are located along the coast, which is good production
land.  Also, there is a growing demand for water in China, and so there will be less water
available for irrigation, which is needed in some areas to produce crops.  As a result, the
contribution of technology becomes more important.  As seen in Figure 2.5, yields are
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increasing; however, future increases are not expected to increase enough to keep up with
the growing demand.
Figure 2.8. Grain Production in China 1990/1991 -2008/2009 (Foreign Agricultural Service, 2009)
In the area of grain trade, imports have been variable, shown in Figure 2.9, with
wheat imports decreasing and not a significant amount of com or rice imports.  The main
trend to observe is in soybeans.  This is a trend that is expected to continue and is a direct
result of growth in the livestock sector.  The soybeans are needed for protein in animal feed
and China is not able to produce enough to meet this growing need; as a result, there is a
sharp increase in imports.  Exports are even more variable, shown in Figure 2.10, with the
government keeping stocks in some years to help alleviate the need for imports in
subsequent years.
It is important to note the trend in com.  China plays a pivotal role in the global
com market.  It is the second largest producer of com; producing 22 percent of the global
crop in 2008 (Foreign Agricultural Service, 2009).  However, its exports are controlled by
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the government through export subsidies and tax rebates.  Therefore, its exports are largely
unpredictable and can have a substantial impact on global com prices.  In addition, China
does export rice and wheat, because much of the production is kept for domestic
consumption.
India
India, while behind China in economic growth and population, is quickly making
strides to have just as large of a global presence as China.  As far as trade, India did not
have much of a presence until its reforms in the early 1990s, during which trade
liberalization measures were discussed.  Since then, hdia has moved towards a more
market-based economy and has experienced more economic growth.  While the trade
reforms have not had the same effect as with China, India has a different government
structure; though it also is beginning to play a larger role in global agriculture.
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Figure 2.9. China Grain Imports 1990/1991-2008/2009 (Foreign Agricultural Service, 2009)
16
.'''
ffi14,00012,000Elo,oooi8,ooo6,0004,0002,000019
/"
A/\
\#\
i                                                        ====---=-                                                              .                      :
\     #\/                ffi±-------==----i-                          i                       _i                                                                      _                               -i                ------------=---  -\:`
•      \                    xp«             `,    `,      =„`,+Sfu;S`       ``€nef¥ife
90/1991        1993/1994       1996/1997        1999/2000       2002/2003       2005/2006
fiEE*icorn    ¢8s3ss4asasRice     eeifewheat     GillELSoybeans
Figure 2.10. China Grain Exports 1990/1991 -2008/2009 (Foreign Agricultural Service, 2009)
Indian agriculture experienced large growth in the mid-1960s with improvements in
technology providing for higher yielding varieties of rice and wheat.  This led to the
creation of the Agricultural Price Commission and the Food Corporation of India in 1965.
These two government entities strived to set the minimum support prices for rice and
wheat, to prevent prices from falling below a specified level.  Throughout the 1960s and
1970s, Indian agriculture prospered due to an increase in public investment in agriculture.
However by the 1980s and 1990s, this public investment declined, and input and output
subsidies increased.
In 1991, the economy in India had reached difficult times with fiscal and balance of
payment problems.  This led to the 1991 reforms that provided short-term stabilization
measures to reduce the fiscal deficit and the value of the currency, and removed barriers for
foreign capital.  I.ooking further into the future, the government also implemented fiscal,
17
trade, industrial, and exchange rate policies.  It also reformed the nation' s financial sector
and capital markets.  Collectively, these reforms allowed for the liberalization of
agricultural trade.
Similar to China, India' s consumers are changing their food preferences as a result
of economic growth.  In the past ten years, consumers are demanding more dairy products,
poultry, meat, and vegetable oils.  Also while consumer still demand the staple grains of
wheat and rice, this demand is shifting.  One factor contributing to this shift is the
increasing price of cereal grains, as a result of agricultural reforms, in addition to changes
in consumer tastes (Food and Agricultural Organization, 2006).  This has led to the
decreasing trend in per capita consumption of cereal grains since 1991 (Food and
Agricultural Organization, 2006).  In the future, the demand for oilseeds is expected to
increase drastically.  Figure 2.11 shows the trend of consumption of wheat, com, rice, and
soybeans in India.
Agriculture production in India saw large increases during the Green Revolution.
However, subsequent improvements in yields have not been significant, with India having
some of the lowest yields in the world.  India struggles with moisture stress and being able
to irrigate enougi land to keep its production growing.  Two-thirds of India' s production
land is limited to one growing season each year primarily due to moisture stress, though
this is changing as measures to provide irrigation are expanding (Food and Agricultural
Organization, 2006).
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Figure 2.11. India Grain Consumption 1990/1991 -2008/2009 (Foreign Agricultural Service,
2009)
The largest crop in India is paddy rice, accounting for more than 20 percent of the
value for all crops produced (Food and Agricultural Organization, 2006).  The second
largest crop produced is wheat, which accounts for approximately 10 percent of total crop
value (Food and Agricultural Organization, 2006).  Wheat production has increased due tl
technology gains in the Green Revolution in the 1960s; however, gains have been at a
much slower rate since 1970/1971 (Food and Agricultural Organization, 2006).  India' s
third largest individual crop is sugar cane, followed by cotton.  Oilseed production has been
increasing as a result of government policy to make India self-sufficient in oilseeds.  As a
result, oilseeds accounted for 9 percent of total crop output in 1980/1981 and grew to 13
percent in 1990/1991 (Food and Agricultural Organization, 2006).  This policy, however,
has since been removed and as a result, oilseeds accounted for only 7 percent of total crop
output in 2000/2001 (Food and Agricultural Organization, 2006).  It should be noted that
India does not have much soybean production, as the main oilseed produced is groundnut.
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Figure 2.12. India Grain Production 1990/1991 -2008/2009 (Foreign Agricultural Service, 2009)
As mentioned, Indian consumption of dairy products and meats, such as poultry, is
increasing.  The livestock sector is growing to meet the rising demand.  While livestock
contributed to 17.5 percent of total agricultural output in 1980/1981, this has grown to 28
percent in 2000/2001 (Food and Agricultural Organization, 2006).  Although meat
consumption is growing, the largest area of growth is for dairy products.  Figure 2.13
shows the trend of milk consumption in India since 1990.
Indian grain imports are expected to expand to meet the rising needs of the growing
population.  The fact that India has been able to stay relatively self-sufficient in grains in
the past is misleading, as the Indian government has been able to hold stocks of grain when
prices are low and then utilize them in future years.  This practice of retaining grain stocks
is depicted in the trend of Indian grain exports shown in Figure 2.14.  If the prediction for
India' s population and consumption hold, this practice will no longer be possible and India
will have to turn to imports to meet rising demands.  Figure 2.15 shows the historical trend
20
of grain imports for the four main grains discussed in this research from 1990/1991 to
2008/2009.  Other than in the case of wheat, there have not been any significant imports of
grain since the trade liberalization reforms of the early 1990s.
Figure 2.13. Dairy (Fluid Milk) Consumption in India 1990/1991 -2008/2009
(Foreign Agricultural Service, 2009)
Due to changing consumption patterns and the growing populations of China and
India, the strategy of keeping large grain stocks to reduce import demand may no longer be
possible.  Grain trade in these two countries will eventually have to expand to meet the
growing needs of their populations.  Trade is not without challenges due to limitations of
infrastructure and with each of their governments still playing a protective role in trade.  To
move forward, these governments will have to reduce trade baITiers and prepare their
countries to move commodities more efficiently with better infrastructure systems.  In the
future, a shift of increasing imports in these two large developing nations is certain to affect
global agriculture and agricultural trade.
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CHAPTER Ill. LITERATURE REVIEW
Literature reviewed for this study can be divided into two categories.  The first
category contains literature on methodology and theory behind utilizing general and partial
equilibrium models to evaluate international trade.  The second category is research on the
impact of structural changes in grain demand and determining its impact on future trade
flows.  Some of the previous research evaluates similar structural changes affects on import
and export demand.  Many of these previous studies focus on China, because it has long
been considered as an important country in global agricultural trade.
Theory and Methodology
A study by Takayama (1967) is considered foundation research for using
mathematical programming to determine international trade flows.  This study set the
framework for using a series of mathematical programming models to evaluate an
international trade problem.  The research compares partial and general equilibrium models
in evaluating a trade issue based on the objective of cost minimization.  The results indicate
that general and partial equilibrium models are faulted for their difficulties in determining
the balance of payments.  The study offers that there is a possible solution to this problem;
however at the time of the study the solution to this problem was still being evaluated to
determine whether it was efficient.
Spreen (2006) demonstrates how to develop a spatial equilibrium model in which
the objective is to minimize the transportation costs of a good from supply to demand
points.  The study discusses the equilibrium of prices over time and how to extend the
model to include multiple products.  Spreen provides examples of using such models, citing
his research in developing the world orange juice model, the world banana model, and the
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Florida grapefruit model.  He concludes that while price endogenous spatial equilibrium
models have many uses, they are limited in the fact that they do not provide statistical
inferences.  Instead, these models generate point estimates of production, consumption, and
price.
Impact of Structural Changes on Global Grain Trade
Various studies have been done to evaluate how increasing income and population
growth will affect import demand for China and India.  Lu and Kersten (2006) evaluated
whether rising grain production would be able to keep up with growing consumption needs
through the use of a regionalized multi-market model, China' s Agricultural Regional
Market Equilibrium Model (CARMEM), which was based on the SWOMPSIM modeling
framework.  However, they did not extend the research to determine import or exports.
Wang and Davis (1998) used a time series econometric approach to determine supply and
demand of grain and then used a grain balance sheet that accounted for wastage and stocks
to determine trade.  They determined that China would need to import 32 million tons by
2010 to satisfy rising domestic demand (Wang and Davis,1998).  Carter and Zhong (1991)
use regression analysis to analyze grain supply and demand.  They found that by the late
1990s China would have to import over 20 percent of its grain to meet domestic
consumption needs (Carter and Zhong,1991).  In the case of India,less research has been
conducted.  A study by Mohanty et al. (1998) evaluated grain demand in India using an
income elasticity approach as a result of changing consumer preferences and production.
The results determined that India would become an importing country of wheat and com
(Mohanty et. al., 1998).  While these studies evaluated structural changes and the impact on
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grain demand, they did not analyze how growing import demand would affect world
agriculture and global grain trade.
Other research, much of which addresses China' s growing consumption, has been
conducted primarily in the past ten years.  A study by Wilson et. al. (2005) evaluated the
affect of different structural changes on grain trade.  The three structural changes evaluated
were the increase of com ethanol production in the United States, rapid growth in Brazilian
soybean production, and growth in income and population in China.  The objective was to
evaluate how these structural changes would affect global grain production and trade of
wheat, com, soybeans, barley, sorghum, and rice in 2025.
An econometric approach was used to determine future production and
consumption of the aforementioned grains.  A spatial optimization model was used to
determine the future trade flows.  Trade flows were determined by demand, the cost of
production in importing countries, and the cost of marketing from exporting countries to
importing countries.  The results indicated many implications for global agriculture, with
the most notable being the expansion of soybean production in Brazil and the shift away
from wheat production in the United States (Wilson et. al., 2005).
Zhuang and Koo (2007) evaluated the global implications of China' s economic
growth on various sectors.  A general equilibrium model, more specifically a multi-region
Global Trade Analysis Project (GTAP) model, is used.  This model makes the assumption
of constant return to scale and perfect competition.  To conduct the analysis, 87 countries
and regions were aggregated into 10 countries and regions.  There were 11 sectors
evaluated: grains, other primary agriculture, processed food, gas and oil, natural resource
based industries, textiles and wearing apparel, light manufactures, heavy manufactures,
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transportation and machinery and equipment, utilities and housing and construction
services, and other services.
The results conclude that world welfare will increase, with China accounting for
95.3 percent of total welfare gains (Zhuang and Koo, 2007). China's total trade balance for
all sectors will increase, while in other countries and regions total trade balance will
decrease.  Output of all sectors in China will increase as a result of rapid economic growth.
However, production of grains and other agriculture products in China are limited by land
scarcity.
Koo and Taylor (2009) used a spatial equilibrium model to study the impact of
changes in the Chinese grain and oilseed industries in 2020 on world agriculture.  This
study focuses on com, wheat, rice, and soybeans.  Production was determined using
historical production data for 2005 and forecasted to 2020 using an econometric approach.
Four scenarios were analyzed to account for 5, 10,  15, and 20 percent increases in yields in
2020.
Their results concluded that under a 5 percent increase in yield, China would import
com, soybeans, and wheat. Under the second scenario of a 10 percent increase in yield,
there will be significant decrease in com imports and some in soybeans.  Wheat imports
will remain steady and China would be self-sufficient in rice.  In the case of a 20 percent
increase in yields, China will no longer need to import rice or com; however, China will
still need to import soybeans and wheat. In addition, the research goes further to explain
under each scenario what the impact will be to the other major importing/exporting
countries.  Their research is very similar to the focus of this study; however, this study is
26
extended to include India, which is also expected to have a significant impact on global
grain trade.
Haq and Mielke (2009) evaluated how economic growth in low-income, middle-
income, high-income and BRIC (Brazil, Russia, India, and China) countries will affect
global agri-food trade.  While this study did not determine the specific affects for
individual countries, it did analyze income elasticities as it affects international trade.  They
analyzed a few different questions; do income elasticities in these four categories differ by
time period, are income elasticities for imported agri-food products in BRIC countries
similar to other countries at the same level of economic development, and are income
elasticities of import demand in BRIC countries similar to each other. Income elasticities
were evaluated over three periods and various product sectors.
In the agri-food category, Brazil, Russia, and China' s income elasticities were
similar to that of middle-income countries.  India's elasticities were similar to those of a
low-income country.  Their hypothesis that middle-income countries are the agri-food
import growth markets of the future is strongly supported only for China and Russia.
While this analysis differs from the others evaluated, it does support the idea that China is a
large import growth market for agriculture.  However, their results indicate that India will
be more price sensitive and thus may not import many agricultural commodities as a result.
However, this analysis is pertinent for agri-food products and not grain specifically, as will
be the focus of this study.
Landes, Price, and Seeley (2000) evaluate the impact of developing countries'
economies on U.S. agriculture.  The rationale behind the study is that the United States is a
large exporter, and developing countries are accounting for a growing share of world trade
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through increasing agricultural imports.  Alternative scenarios are used to model different
levels of income growth and exchange rates.  The model used is the country-linked system
(CLS) model developed by the Economic Research Service (ERS), a division of the USDA.
This model incorporates 42 country and regional models with a food and agricultural policy
simulator for U.S. agriculture.  The affects are determined on five different categories of
countries: developing Asia, Africa and the Middle East, Latin America, transition
economies (Former Soviet Union and CentralAlastem Europe), and developed countries
(excluding the United States).  Their research indicates that if developing and transition
countries/regions' income growth slowed or currencies in these countries have a greater
depreciation in comparison with the U.S. dollar, there would be a large global impact.  In
relation to developing Asia, this region was found to have the largest potential to impact
global and U.S. agriculture markets.
Von Witzke et. al. (2008) analyzes the impact of different global trends on
agriculture in the European Union (EU).  The global trends evaluated in their model were
the growth in world population, increased urbanization and income growth as they affect
food consumption, climate change, availability of natural resources, the role of organic
farming, technology changes, and the trade-off between food production and bio-energy
production.  They used a partial equilibrium model to determine the changes in supply and
demand of wheat, com, oilseeds, and other grains.  The results determine that each of these
factors has various affects on global agriculture.  The end result is that while the supply of
grain in the EU will increase, it would not be enough to satisfy rising demand and world
prices will increase as a result. The EU will become a net importer of wheat, oilseeds, and
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other grains. Their analysis provides insight into the shift of developing countries to net
importing countries and developed countries to net exporting countries.
Research evaluating structural changes on import demand of wheat by Fabiosa
(2006) illustrates how rising income affects global grain trade.  The research evaluates the
affect of a westernized diet in Indonesia on its large wheat-processing sector.  The study
estimates income elasticities on wheat flour and noodle consumption.  In addition, Fabiosa
expands his research to analyze different scenarios and how they will affect trade.  The first
scenario is focused on policy, and evaluates the affect of the removal of an applied duty,
value added tax (VAT), and sales tax.  The second scenario evaluates the affect of fast
income growth, estimating income growth to be the same as China. In order to analyze
trade, a partial equilibrium model using the new demand estimates was utilized.
The results determine that by removing the trade barriers, wheat flour consumption
expands.  Because Indonesia does not produce wheat, wheat imports must increase with the
expansion in wheat flour consumption, which would increase world wheat prices.  The
second scenario also increases consumption, imports, and world and domestic prices;
however, the impacts were not as large as in the first scenario.  The study also explains
which countries will be the largest wheat suppliers to Indonesia and indicates that the
largest export potential was for China, India, and Australia, because these countries are
able to provide wheat at a lower price.
It is clear that structural changes in demand in these major developing countries will
have a global impact. While much of the past research utilizes similar methodology, there
is a lack of research that evaluates the impact of growing consumption in both China and
India on global agriculture.  It is apparent from past literature that a spatial equilibrium
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model has been used to address similar research objectives. However, this research topic is
unique and will provide results that will provide implications for major grain and oilseed
producing and consuming countries all over the world.
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CHAPTER IV. RETHODOLOGY AND MODEL DEVHLOPRENT
This chapter outlines the spatial equilibrium model.  In addition, the methods, data
collection, baseline and alternative scenarios are explained.
Conceptual Framework of the Model
This study addresses the impact of changes in demand for four principle crops,
wheat, com, rice, and soybeans, using a spatial equilibrium model based on a mathematical
programming algorithm.  Spatial equilibrium models are commonly used to address trade
flows as a result of changes in supply or demand.  This model was chosen to address the
objective of this study, because it provides detailed information about trade flows based on
a set of constraints related to the supply and demand of agricultural commodities.  While an
econometric model could be used to estimate imports and exports of commodities in
countries, it would be unable to provide information as to where the commodity was
imported from or being exported to.  In addition, the spatial equilibrium model optimizes
trade flows of commodities on the principle of comparative advantage in terms of
production and distribution costs of commodities from producing regions to consuming
regions in domestic and foreign countries.
To evaluate the impact of structural changes of demand in China and India on other
major importing and exporting countries, the world was divided into 17 countries and
regions.  The exporting countries are Argentina, Australia, Brazil, Canada, and the United
States.  The importing countries/regions are Japan, Mexico, the European Union-27, South
Africa, the Former Soviet Union-Middle East, Latin America, North Africa, South Korea,
South Asia, and Southeast Asia.  China and India are treated as both importing countries
and exporting countries. Also, it is important to note that since China and India are
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evaluated independently they are excluded from the Southeast Asia and South Asia regions,
respectively.  Further explanations of the countries included in producing/consuming
regions are included in Table 4.1. Figure 4.1 shows alternative trade flows for the four
crops from exporting countries to importing countries.
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Figure 4.1. Theoretical Model of Trade Flows
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The modes of transportation used for this study are rail, truck, and barge for
domestic transportation and ocean vessels for inter-country shipments.
In the case of some of these importing/exporting countries, there are significant
differences in production conditions among regions within a country.  As a result Canada,
the United States, Brazil, China and India are divided into several producing and
consuming regions.  Canada is divided into 6 regions (Quebec (CQB), Ontario (CON),
Manitoba (CMB), Saskatchewan (CSK), Alberta (CAL), and British Columbia (CBC)), the
United States into 17 regions (Table 4.2 and Figure 4.2), Brazil into two regions (North
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(BRZ2) and South (BRZ1)), China into 31 regions (Table 4.3 and Figure 4.3), and India
into 14 regions (Table 4.4 and Figure 4.4).  Including the addition of the inter-country
regions, there are 83 producing and consuming regions included in the model.
Table 4.1. Exporting and Importing Countries and Regions
Region Symbol Countries/Regio ns Inc luded
Argentina ARG Argentina
Australia AUS Australia
Brazil BRZ Brazil
Canada CAN Canada
China CIIN China (See Table 4.3)
EU-27 EtJR
Austria, Belgium, Cyprus, Czech Republic, Denmark, Estonia, Faroe
Islands, Finland,  France, Germany, Greece, Hungary, Ireland, Italy,
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland,
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, United
Kingdom
Former SovietUnion-MiddleEast FSU-RE
Armenia, Azerbaij an, Belarus, Georgia, Kazakhstan, Moldova,
Russia, Taj ikistan, Turkmenistan, Ukraine, Uzbekistan, Bahrain,
Gaza Strip, Iran Iraq, Israel, Jordan, Yemen, Kuwait, Lebanon,
Oman, Qatar, Saudi Arabia, Syria, Turkey, United Arab Emirates,
West Bank
India IND India (See Table 4.4)
Japan JAP Japan
Latin America LAT
Bolivia, Chile, Colombia, Ecuador, Falkland Islands, French Guiana,
Guyana, Paraguay, Peru, Suriname, Uruguay, Venezuela,
Mexico REX Mexico
North Africa NAF Algeria, Egypt, Libya, Morocco, Tunisia
South Africa SAF
Angola, Benin, Botswana, Burkina, Burundi, Cameroon, Canary
Islands, Cape Verde, Central Africa Republic, Chad, Comoros,
Congo, Cote d'Ivoire, Djibouti, Equatorial Guinea, Eritrea, Fr. Ter.
Africa, Gabon, Gambia, Terr. Ghana, Guinea-Bissau, Kenya,
Lesotho, Liberia, Madagascar, Madeira islands, Malawi, Mali,
Mauritania, Mauritius, Mozambique, Namibia, Niger, Nigeria,
Reunion, Rwanda, Sao Tome and Principe, Senegal, Seychelles,
Somalia, South Africa, St. Helena, Sudan, Swaziland, Tanzania,
Togo, Uganda, Western Sahara, Zambia, Zimbabwe
South Asia SA
Afghanistan, Bangladesh, Bhutan, Maldives, Nepal, Pakistan, Sri
Lanka
Southeast Asia SEA
Brunei, Cambodia, Indonesia, Laos, Malaysia, Philippines,
Singapore, Thailand, Vietnam
United States US United States (See Table 4.2)
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Table  4.2. Producing and Consuming Regions in the United States
Region Symbol States Included in Region
1 US1 Kentucky, North Carolina, Tennessee, Virginia, West Virginia
2 US2 California, Nevada
3 US3 Maine, Massachusetts, New Hampshire, New York, Pennsylvania, Vermont
4 US4 Kansas, Missouri, Nebraska
5 US5 North Dakota, South Dakota
6 US6 Oklahoma, Texas
7 US7 Arkansas, Mississippi, Louisiana
8 US8 Connecticut, Delaware, Maryland, New Jersey, Rhode Island
9 US9 Michigan, Minnesota, Wisconsin
10 US10 Ohio
11 USll Iowa
12 US12 Illinois
13 US13 Indiana
14 US14 Oregon, Washington
15 US15 Alabama, Florida, Georgia, South Carolina
16 US16 Idaho, Montana, Wyoming
17 US17 Arizona, Colorado, New Mexico, Utah

Table 4.3. Producing and Consuming Regions in China
Province or City Producing Regions
Corresponding Consuming
Regions
Symbol Symbol
Anhui AVHUI IIEFEI
Beijing BEIJIN BEIJINC
Chongqing CHONGQIN CHONGQINC
Fujian FUJIAN FUZHOU
Gansu GANSU LANZHOU
Guangdong GUANGDONG GUANGZHOU
Guangxi GUANGXI NANNING
Guizhou GUIZHOU GUIYANG
Hainan HAINAN HAIKOU
Hebei IHBEI SIIIJIAZH
Henan IHNAN ZIHNGZHOU
Heilongjiang rm -IN
Hubei HUBEI WUHAN
Hunan IIUNAN CHANGSHA
Jiangsu JIANGSU NANJING
Jiangxi JIANGXI NANCHANG
JiLin JELIN CHANGCHUN
Liaoning LIAONING SIHNGYAVG
Imer Mongolia NEIMONG HOHOOT
Ningxia NINGXIA YINCHUAN
Qinghai QINGHAI XINING
Shaanxi SHAAVXI XIAV
Shandong SHANDONG JINAN
Shanghai SHANGHAI SHANGHAIC
Shami SHAVXI TAIYUAN
Sichuan SICINAV CHENGDU
Tianjin TIANJIN TIAVJINC
Xinjiang XINGJIAVG URUMQI
Xizang XIZHANG LASHA
Yuman YUNNAN KUNMING
Zhejiang ZREJIANG -GZHOU
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Table 4.4. Producing and Consuming Regions in India
Region Symbol States Included in Region
I IND1 Himachal Pradesh
2 IND2 Punj ab, Haryana
3 IND3 Uttarakhand
4 IND4 Raj asthan, Uttar Pradesh
5 IND5 Gujarat
6 IND6 Madhya Pradesh
7 IND7 Chhattisgarh
8 IND8 Bihar
9 IND9 Jharkhand
10 IND10 Orissa
11 IND 1 I West Bengal
12 IND12 Sikkim, Arunachal Pradesh, Assam, Meghalaya, Nagaland, Manipur,
Mizoram, Tripura
13 IND13 Maharashtra, Andhra Pradesh, Karnataka
14 IND14 Kerala and Tamil Nadu
Mathematical Model
The spatial equilibrium model for this study is similar to the model used by Koo
and Taylor (2009).  The objective function of the model is to minimize the production cost
of wheat, com, rice, and soybeans in each producing region and the distribution costs
(transportation costs) associated with shipping crops from production regions to both
domestic consuming regions and foreign consuming regions.  The objective function is
mathematically presented as follows:
1.       W  =Z:Z:(Pccl.)Act.+Z:2=Z:fc!j.gc!j.
c     i                                                  c     i      j
+Z:Z:Z:,c,.pgc,.p+ZZ:Zt,apg+4,gapg
c     i     p                                   c     p    q
+ Z:Z:Z:( fapg + 4 + C» 0 P apg + Z]Z:Z:fcq# cq/
c     p    q                                                                              c    q     j
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i = the index of producing regions in exporting countries
j = the index for consuming regions located in both importing and exporting
countries
p = the index for ports in exporting countries
q = the index for ports in importing countries
Pcci = cost of producing crop c in producing region i
Aci = the area used to produce crop c in producing region i in hectares
t = per metric ton transportation cost
Q = the quantity of crop shipped in metric tons
a = represents the tariff applied for shipping through the Panama Canal
^q = import duty imposed by importing country
The first term represents the total production cost, which is the product of
production cost of crop c in producing region i and harvested area of crop c in the
production region.  The second term represents the cost of transportation from producing
region to consuming region within the exporting country.  The third term represents the
transportation cost from producing regions to ports for export.  The fourth term represents
ocean transportation cost from a port in an exporting country to a port in an importing
country including import tariffs.  The fifth term is similar to the fourth; however, it includes
the cost of the required tariffs for utilizing the Panama Canal.  The final term represents the
interior transportation cost from an importing port to consuming regions within the
importing country.
The objective function is optimized subject to the following constraints:
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Y = crop yields per hectare in producing regions of exporting countries
TA = the total arable land in each producing region of an exporting country
MA = the minimum land used for each crop in producing regions of exporting
countries
D = the demand for each crop in consuming regions of both importing and
exporting countries
PCA = represents the handling capacity in each port of an exporting country
PCC = the handling capacity of the crop through the Panama Canal
Equation 2 indicates that the  production of crop c in producing region i must be equal
to or greater than the quantity consumed of the crop that is transported to domestic
consuming regions and to exporting ports. Equation 3 makes the provision that production
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is limited by the amount of arable land, indicating that the total area harvested for all crops
in a production region cannot exceed that of total arable land available in a production
region.  Equation 4 makes the assumption that crops produced in a production region will
not change considerably, due to soil type, grower knowledge, and capital availability, and
thus the area harvested for crop c will be greater or equal to the minimum land used for the
crop in the producing region. Equation 5 states that demand for crop c is less than or equal
to the amount produced and imported in a consuming region.  Equations 6 and 7 indicate
handling capacity at export ports and the Panana Canal, respectively. The total amount of
agriculture commodities shipped through export ports and the Panama Canal should be less
than its handling capacity. Equations 8 and 9 state that ports in exporting and importing
countries cannot store grain and are considered as transportation points.  Thus, Equation 8
indicates that the quantity sent from a producing region to an export port must be equal to
the quantity exported to an importing port, and Equation 9 indicates that the quantity sent
from an exporting port to an importing port must be equal to the quantity sent from the
importing port to the consuming region(s).
The Base and Alternative Scenarios
The Base model is based on average production conditions in 2005, 2006, and
2007.  Consumption data are based on 2007 data.  The exception in both production and
consumption data are China and India, in which data availability requires that production
estimates be based on an average of 2003, 2004, and 2005 data and consumption data on
2005.  Production data are expressed in 1000 hectares (area harvested) and metric
ton/hectare (yield) and consumption data are expressed in 1000 metric ton.  The Base
model is calibrated using theoretical data for the supply of and the demand for crops in
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importing and exporting countries given supply and demand conditions in these years to
determine the optimal solution under the Base model.  The Base-18 model is the same as
the Base Model; however, with projected production and consumption of the four crops in
the year 2018.
Six alternative scenarios are developed to evaluate the impact of different supply
and demand conditions on the production of the crops in exporting countries and trade
flows from exporting countries to importing countries. Scenarios 1, 2, 3, and 4 determine
the impact of changes in technology.  Scenario 1 uses the same production and
consumption data from the Base-18 model; however, yields in India are increased by 20
percent from the 2018 projection. Scenario 2 is similar to Scenario 1, except yields for
China are increased by 20 percent from the 2018 projection. Scenario 3 is similar to the
previous two; however, yields in India are decreased by 20 percent from the 2018
projection.  Scenario 4 is the same as Scenario 3; however, yields in China are decreased
by 20 percent from the 2018 projection. These four alternative scenarios are developed
mainly due to uncertainty associated with crop yields resulting from weather conditions.
Scenarios 5 and 6 are used to determine the affect if consumption in China and
India surpass what is projected.  The model is the same as the Base-18 model in both
scenarios; however, Scenario 5 increases consumption by 5 percent in each of India's
consumption regions and Scenario 6 increases consumption by 5 percent in each of China's
consumption regions.
Data Collection
The data required for this model can be broken down into five categories:
production cost for all of the crops in all producing regions, domestic transportation cost
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(including rail, truck and barge), ocean shipping rates, production (crop yields and area
harvested) in producing regions, and consumption (per capita consumption, per capita
income and population data) in consuming regions.
Cost data include the cost of production, domestic transportation cost (using rail,
barge, and truck), and ocean shipping rates.  Production costs for all crops in all regions
were obtained Zlfoc CosJ o/Prod%cz.#g Craps Arozt"d ffec War/d (Global Insights, 2004).
Domestic transportation costs were obtained primarily from the Grcz!.# rrcz#sporlczfz.o#
Rcporf (Agricultural Marketing Service, 2002, 2003). Additional domestic transportation
information for China was obtained from the Henan University of Technology, Zhengzhou,
China.  U.S. and Canadian rail transportation rates were obtained from the Pz4b/!.c Wc!yb!.//
data (Surface Transportation Board, 2002). Additionally, U.S. domestic transportation data
were obtained from the Grczz.# rrcz7%porfczfz.o# Dz.gcsf (ProExporter, 2004).  Ocean shipping
rates were obtained from Occcz# S7„.ppz.#g Rczfcs/or Grczz."s (Maritime Research, Inc.,
2004). Tariffs are also added as a cost in the model, and thus import tariffs were obtained
from the publication War/cZ rczrz#P]io/I.Jes 2008 (World Trade Organization, 2008).
In order to determine agricultural trade, it is necessary to determine what and how
much each region produces and consumes.   Production data were obtained using crop
yields and area harvested to determine the amount of available production.  Crop yields are
expressed in metric toll/ hectare and area harvested is expressed in 1000 hectares, which is
consistent with most international agricultural data sources. Crop yields and area harvested
for most producing regions were obtained from the Prodwcfz.o#, SwppJy, cz#d Dz.sfrz.bwf!.o73
online database (Foreign Agricultural Service, 2009). Production data for regions in China
were obtained from the Henan University of Technology, Zhengzhou, China. Production
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data for regions in India were obtained from Sfczfc Wz.sc Arccz Prodzdcfz.a" cz"d yz.c/d
Sfczfz.sfz.cs online database (Department of Agriculture and Cooperation of the Ministry of
Agriculture for the Government of India, 2009).  Production data for regions in the United
States were obtained from the Crops online database (National Agricultural Statistics
Service, 2009). Production data for regions in Canada were obtained from various volumes
of their Fz.c/d Crap Rcporfz.#g Serz.es (Statistics Canada).
Domestic consumption is calculated using per capita consumption and population.
Data for most regions were obtained from the War/d Dei;cJopmc#f /"cZz.cczfors gz¢!.ck gz¢ery
(The World Bank Group, 2009) and the P7iodrcfz.o73 Sz4ppdy cz#d D!.sfrz.bwfz.ow online
database (Foreign Agricultural Service, 2009). Population data for regions in India were
obrfui:ned £Iom tlNe Domestic Product Of States Of India 1960-1961 to 2006-2007 (EP;V\J
Research Foundation, 2009). Population data for regions in China were obtained from the
Cfez.#cz Sfczf!.sfz.ccz/ ycczrbook 2008 (China National Bureau of Statistics, 2008). Population
data for regions in the United States were obtained from the U.S. Census Bureau and for
region in Canada from Statistics Canada.
Crop Production in 2018
In order to project forward from the Base model, crop yields are estimated for all
four crops for the year 2018.  To do this, a standard time trend regression is used to
determine the change in yields in the projected year. Data were obtained for the years  1990
to 2007 from the aforementioned sources to determine the trend.  However, in some cases
the period of time varies based upon data availability. The time trend regression is
represented by:
10.   Yci = Po + PtT
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Yci = yield of crop c in region i.
T = time trend variable.
The estimated coefficient of the time trend variable is used to project crop yields for
each crop in 2018.  The projections for yields in all four crops are then evaluated to obtain
the average yield increase across all production regions, because the increase in estimated
yields are substantially different in the producing regions, and thus the yields are averaged
under the assumption that production technology will spread from one region to another
due to the exchange of technology.  Average yields are 15 percent for wheat,18 percent for
com,14 percent for soybeans, and 18 percent for rice.  These percentage increases are then
applied to the yield data in the Base Model to determine crop yields in 2018.  The area
harvested is determined by the model. The production data used in the Base and Base-18
models are presented for all four crops in Tables A.2., A.3., A.4., and A.5.
Consumption in 2018
The objective of this research is to evaluate the impact on global agriculture of
structural changes of demand in China and India.  Therefore, the projection of consumption
in 2018 is an integral part of this analysis. Domestic consumption estimates for 2018 were
talKen frorn FAPRI 2009 U.S. and World Agricultural Outlook (F APT(i, 2f )09). Ar\
alternative domestic consumption projection came from the USDA AgrI.cz4Jfz/7icz/ Bczse/I.#c
Projccfz.o#s/or 2009-20j8 (Economic Research Service, 2009). In evaluating these two
different domestic consumption projections some estimates were similar and some
consumption projections varied greatly due to the assumptions made in the analysis and
aggregation issues when forming consuming regions.  As a result, it was important to
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estimate consumption of each crop in each region (per capita consumption for each of the
four crops) based on per capita income and a time trend variable.
A demand model for each crop is specified as a function of income and trend to
represent consumer taste and preference as:
11.  C{t    =   c¥o  + c[] yt    + c¥2rR + et
Cf t  = per capita consumption of crop t in region i
yt   = per capita income in region t
TR = time trend variable
et = error term
Equation 11 represents per capita consumption, which is determined by per capita
income and a time trend variable. Since the error term of Equation 11 is serially correlated,
an AR (1) model is used to estimate the equation.
The estimated model is used to project per capita consumption for 2018.  Per capita
income in 2018 was calculated using the Recz/ GOP Growffe Pro/.ccfz.ojcs from FAPRI' s
Wo7~/d A4czcrocco#omz.cs,  available in their publication FAPRJ 2009 U.S. cz#d Wo7~/d
Agrz.cz(/fz4rcz/ Oz4f/oak. To determine per capita income, and later to determine consumption
as a whole for the region, population projections were also taken from FApjiJ 2009 U.S.
and World Agricultural Outlook.
Once consumption of each crop was determined, the results were compared to the
projections of FAPRI and the USDA to evaluate whether the projections are consistent.
The results from all three sources for wheat, com, rice, and soybeans are presented in Table
A.1.
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The final domestic consumption projections used in the analysis for the Base-18
model and Alternative Scenarios 1-6 are taken primarily from the econometric analysis
conducted in this study.  The final domestic consumption projections are then divided into
consuming regions, which is only of importance for countries with multiple consuming
regions, China and India, based on the proportion of the country's population that resides in
that consuming region.  These proportions can change over time.  Therefore, a time trend
regression, similar to Equation 10, is run on regional populations. The final domestic
consumption projections for 2018 are shown in Table 4.5 along with those used in the Base
model.
Table 4.5. Total Domestic Consumption in the Base and Base-18 Models
Wheat Com Soybean Rice
Region Base Base-18 Base Base-18 Base Base-18 Base Base-18
-----------------------------1000  Metric Ton--------------------------------
ARG 5130 5158 7000 8521 36163 56586 375 505
AUS 6200 8252 320 433 43 48 346 563
BRZ 10480 1 1894 415cO 52511 33820 55905 8317 8691
CAN 7317 7608 11149 17579 1784 2603 320 488
CIIN 100122 106003 136352 181348 44540 62356 1 27 1 1 1 127450
EUR 116536 134580 634cO 58955 16113 17340 3240 3773
FSU-RE 117132 134702 26721 340cO 4882 6473 8348 10121
IND 76839 85369 14291 19616 9458 11423 91053 108456
JAP 6000 5517 166cO 1 64 1 8 4218 3913 8177 7779
KOR 3000 2682 8633 11295 1386 1575 4670 4295
LAT 8619 10405 15378 18715 3929 3791 5315 5691
REX 5500 6155 32000 41570 3710 5099 759 941
NAF 35894 41278 15664 18834 1575 1582 3721 4952
SA 33065 33065 5274 5274 175 175 38934 40405
SAF 28770 350cO 48860 54270 1383 1660 57898 580cO
SEA 10995 14294 28499 39405 5096 6383 97233 138367
US 2:J5eyrl 33110 252719 3 12396 49801 65348 3917 5488
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Transportation Costs
Transportation costs are divided into three categories:
1.   Inland shipping costs from producing regions to consuming regions or ports
2.   Costs for shipping from an exporting country's ports to an importing country's
ports
3.    Inland shipping costs from importing port to consuming region
Inland shipping costs from producing regions to consuming regions and ports are
only applicable to countries with multiple producing and consuming regions, such as
China, India, Brazil, Canada, and the United States.  In other countries/regions, the
producing and consuming regions are the same and thus domestic shipping costs are not
needed. These inter-country shipments are typically done by rail, though truck shipments
are also used primarily for inter-country shipments in the United States.  The model does
allow for some shipments from producing regions in the United States and Canada to
consuming regions in the United States, Canada, and Mexico. Inland shipping from
consuming regions to ports is done by truck and rail; however, the United States also
utilizes barge transportation in the Mississippi River system.
The cost of shipping from exporting countries to importing countries is calculated
using ocean freight rates, along with import tariffs.  Each country/region has one or more
importing/exporting port(s); however, South Asia and India share ports as India is located
in the optimal location for South Asia to receive imports. The model assumes no port
handling fees.
Inland shipping costs from import ports to consuming regions are only applicable to
China and India. Since other countries that are divided into multiple
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production/consumption regions, Canada, Brazil, and the United States, are not importing
countries the inland shipping costs from ports to consuming regions is not included.  The
mode of transportation from importing ports to consuming regions is done primarily by
rail.
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CHAPTER V. ENIIRICAL RESULTS
Chapter 5 discusses the results of the Base and Base-18 models and the altemative
scenarios.  Each optimal solution outlines the production, consumption, and trade flows of
the four crops.  The alternative scenarios evaluate China and India individually for changes
in technology and consumption. This chapter is divided into three parts: (1) The results of
the Base model compared to the Base-18 model, or production and trade conditions under
the current conditions compared to those in 2018 (2) alternative scenario results for
changes in production and consumption in China (3) altemative scenario results for
changes in production and consumption in India.
Base and Base-18 Model
This section will evaluate the production, consumption, and trade flows for the Base
model, under current supply and demand conditions, and the Base-18 model with supply
and demand conditions estimated for the year 2018, for all four crops in all producing and
consuming regions. Because the focus of this study is China and India, the results for these
two countries will be evaluated independently to show the change over time. In addition,
production and trade in the United States and Canada will be outlined, because these two
nations are large exporting countries and due to the diverse production conditions within
these countries.
qina's Production. Consuml}tion and Trade
China is evaluated on its production, consumption, exports, and imports for the
current period and in 2018.  Table 5.1 presents the results from both models. Production in
the Base model demonstrates that com is the leading crop, comprising 36 percent of all
grain production.   Rice, wheat, and soybeans account for 33, 26.5, and 4 percent,
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respectively. In relation to trade, China only imports and does not export in the Base
model.  Imports are primarily soybeans, with imports accounting for 65 percent of domestic
consumption.  China imports a small amount of wheat, with imports accounting for 0.8
percent of domestic consumption. Rice is also imported and accounts for 2.9 percent of
domestic consumption.
Table 5.1.  Production, Consumption, and Trade for China in the Base and Base-18
iviocLeis
Model Production Consumption Export Import
---------------------------------million metric ton-----------------------------------
Wheat
Base 99.31 loo.12 0.76
Base-18 106.00 106.00
Corn
Base 136.35 136.35
Base-18 176.77 181.35 4.58
Soybean
Base 15.52 44.54 29.02
Base-18 17.96 62.36 44.40
Rice
Base 123.47 127.11 3.63
Base-18 128.57 127.45 I.12
In the Base-18 model, it is evident that consumption patterns have changed since
the base year.  In 2018, com accounts for 38 percent of total grain consumed, compared
with 33 percent in the Base model.  Soybeans account for 13 percent of total grain
consumed, which is a 40 percent increase in the amount of soybeans consumed compared
to the Base model.  Rice and wheat are staples in the Chinese diet; however, between the
base year and 2018, the amount of rice and wheat consumed has increased by only 0.2 and
5.8 percent, respectively.  This could be interpreted to mean that as income increases,
Chinese consumers will consume less rice and wheat and more meat products.  Since
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consumers in China are consuming more meat, shown by its growing livestock industry,
the result is an increased demand for com and soybeans to be used as feedstuffs.
Grain production has also increased, due mainly to the advancement of farming
technology.  Com remains the primary crop, accounting for 41 percent of grain production.
Rice, wheat, and soybeans account for 30, 25, and 4 percent, respectively.  China's role in
trade has also changed.  Despite the increase in com production, China imports a small
amount of com in 2018 with imports accounting for 2.5 percent of domestic consumption.
In addition, China has increased its imports of soybeans with imports accounting for 71
percent of domestic consumption.  China has also become a small net exporter of rice with
0.9 percent of its rice production being exported to Japan.
To demonstrate the domestic and trade flows of the commodities, Figures 5.1, 5.2,
5.3, and 5.4 each outline the flows for each of the four grains. Figure 5.1 shows the
domestic flow of wheat in China. The largest producing region in both models is Henan,
followed by Shandong and Hebei. In the Base model, China produces less wheat.  As a
result, there are more domestic flows of wheat to satisfy domestic consumption.  Also in
the Base model, China imports wheat with .76 million metric tons being imported and
consumed in Guangzhou.  This wheat originated from the U.S. Pacific Northwest.
Domestic flows of com are shown in Figure 5.2.  The largest com producing
provinces are located in the Northeast and Eastern Central regions of China, with the
largest being Shandong followed by Heilongjiang, Jilin, Hebei, and Henan.  The major
producing regions remain the same in both models as do domestic flows.  While China
does produce more in the Base-18 model, it is unable to keep up with the growing domestic
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demand and thus becomes a net importer of com in the Base-18 model. The com imports
originate from Argentina and are being sent to the port in Guangzhou.
Base Model
Base-18 Model  ------------ +
Imports in Base Model
Guangzhou .76 rrmt
Figure 5.1. China's Wheat Domestic Flows for the Base and Base-18 Models
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Imports in Base-18 Model
Guangzhou 4.6 mmt
Figure 5.2. China's Com Domestic Flows and Imports for the Base and Base-18 Models
Figure 5.3 shows the domestic and trade flows of soybeans from both producing
regions and import ports to consuming regions.  China' s imports have increased mainly
because of its quickly growing demand for soybeans, and its comparative disadvantage in
producing soybeans. Once again, the largest producing region is Heilongjiang in Northeast
China in both models. Other large producing provinces are Shandong, Shaanxi, Jilin, and
Jiangsu. As production increases in the Base-18 model, there is a noticeable decrease in
domestic flows to western China.  However, there is a large increase in demand along the
coastal and eastern provinces, where population growth over the period has been the most
significant.  In the Base model, Brazil exports soybeans to China to meet demand in
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Guangzhou, Shanghai, and Tianjin, and Argentina' s exports are going to meet demand in
Guangzhou.  U.S. soybean exports are going to Tianjin and Qingdao.  In the Base-18
model, Brazil's exports are going to Guangzhou and Shanghai and U.S. exports are going
to Guangzhou, Tianjin, and Qingdao.
Base Model
Base-18 Model
Base Model Imports
Base-18 Model Imports
----------------->
------ >
Imports in Base Model
Guangzhou    11.6 mmt
Tianjin              8.2 mmt
Shanghai          7.7mmt
Qingdao            1.4 mmt
Imports in Base-18 Model
Guangzhou    16.5 mmt
Tianjin            14.0 mmt
Shanghai         11.5 mmt
Qingdao           2.3 mmt
Figure 5.3. China's Soybean Domestic Flows and Imports for the Base and Base-18 Models
55
Figure 5.4 shows the domestic flows of rice in China. While domestic flows do vary
in the two models, there is not a significant change between the two time periods.  The
largest producing regions in both models are Heilongjiang, Hubei, Human, Sichuan and
Jiangsu.  The increased production in the Base-18 model allows for China to become a
small net exporter of rice with exports going from the ports in Shanghai and Dalian to
Japan.
Exports in Base-18 Model
Shanghai     .7 mmt
Dalian         .3 mmt
Figure 5.4. China's Rice Domestic Flows and Exports for the Base and Base-18 Models
India's Production. Consumption and Trade
The results of the Base and Base-18 models for India, shown in Table 5.2, indicate
the changes in production, consumption, and trade.  In the Base model, the primary grain
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consumed is rice, which accounts for 47 percent of the total grain consumption.  This is
followed by wheat, com, and soybeans, which account for 40, 7.5, and 5 percent of grains
consumed, respectively.  Production in the Base model indicates that rice is the primary
crop produced, as it accounts for 47 percent of all grain production. This is followed
closely by wheat, which accounts for 41.5 percent, and distantly by com and soybeans,
which account for 7.5 and 3.8 percent, respectively.  Trade in the Base model demonstrates
that India exports wheat and imports soybeans, with imports accounting for almost 24
percent of domestic soybeans consumption.
Table 5.2.  Production, Consumption, and Trade for India in the Base and Base-18 Models
Model Production Consumption Export Import
---------------------------------million metric ton-----------------------------------
Wheat
Base 80.02 76.84 3.62
Base-18 92.00 85.37 6.63
Corn
Base 14.29 14.29
Base-I 8 19.62 19.62
Soybean
Base J.,-3 9.46 2.23
Base-18 10.87 1 1.42 0.56
Rice
Base 91.05 91.05
Base-18 108.46 108.46
In the Base-18 model, consumption of the four major grains in India has changed,
though not as severely as seen in China.  Rice and wheat remain the staple grains in the
Indian diet.  Consumption of rice has increased slightly in 2018 and accounts for 48 percent
of all grain consumed.  Wheat consumption in 2018 has decreased to 38 percent of all grain
consumption, from the previous 40 percent of grain consumption in the Base model.
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Consumption of com and soybeans has increased by 37 and 21 percent, respectively, since
the base year; however, the amount is still relatively small.
Production in 2018 is similar to that in the base year.  Rice remains the largest crop
accounting for 47 percent of total production, which is the same as the base year.  Wheat is
the second largest crop, but has now decreased slightly to account for 39.8 percent of grain
production, compared to 41.5 percent in the base year.  Com has grown to account for 8.5
percent of all grain production, an increase of 37 percent since the base year.  Soybeans
production has expanded by 50 percent since the base year and now accounts for 4.7
percent of the total grain production.  Production has shifted to meet changing demands;
however, the Indian diet has not changed significantly to require a large shift in domestic
production.
India' s trade in the Base-18 model illustrates how production and consumption
patterns have altered over time.  While India is a net exporter of wheat in the base year,
increases in technology have allowed for increased wheat exports in 2018.  Soybeans,
while not a widely produced or consumed crop in India, becomes the only crop imported in
the Base-18 model with imports accounting for 4.9 percent of domestic consumption.
To illustrate domestic and trade flows in the Base and Base-18 models, Figures 5.5,
5.6, 5.7, and 5.8 show the flows for each of the four crops.  Figure 5.5 shows the domestic
and trade flows for wheat in both models. In the figure, the major areas of production are in
the North.  Regions 2 and 4, which are made up of Punjab, Haryana, Rajasthan, and Uttar
Pradesh, produce over 80 percent of total wheat production in both the Base and Base-18
models. Thus, these regions supply most of the wheat domestically and a majority of the
exports.  However, Region 1, Himachal Pradesh, also exports a small amount of wheat in
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Production and Trade in the United States and Canada
Changes in production and consumption conditions over the time period also have
an impact on the U.S. and Canada, since they are both major exporting countries. Because
of the increase in global demand, both nations increase in efficiency of production, and
changes in land allocation over the time period, production increases in the 2018 over the
base year.
Table 5.3 presents changes in production of the four crops for the United States.
U.S. wheat production inoreases by 23.9 percent from the current period to 2018. However,
in 2018 the United States decreases its exports and as a result becomes the second largest
exporter.  Canada becomes the largest exporter of wheat in the world.  The inorease in U.S.
production must account for the growing domestic consumption. Figure 5.9 shows the trade
flows for U.S. and Canadian exports. In the Base model, the U.S. wheat exports are
originating primarily from Noith Dakota, South Dakota, Minnesota, Wisconsin, Michigan,
Illinois, Texas, Oklahoma, Missouri, Kansas, Nebraska, Colorado, Montana, and Idaho.
Table 5.3.  U.S. Production in the Base and Base-18 Models
I                                  Base Base-18
I       Production Exports Production Exports
--------------------------million metric tons---------------------
Wheat 53.99 28.74 66.92 22.06
(23.9) (-30.3)
Com 285.12 32.4 345.25 32.85
(2 1 . 1 ) ( I.4)
Soybean 74.94 27.28 99.67 38.09
(33.0) (39.6)
Rice 9.66 5.74 13.79 8.30
(42.8) (44.6)
( ) is the percentage change over the period
Canadian wheat exports are mainly from Saskatchewan, Alberta, and Manitoba.
These trade flows remain the same in the Base-18 model, except Texas, Oklahoma, Kansas,
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Nebraska, and Missouri are no longer exporting wheat, which is shown in the reduction in
U.S. exports from the Gulf ports. Canadian wheat exports increase, primarily from
S askatchewan and Alberta.
Canadian Pacific Wheat Exports
Base Model           13.5 million metric tons
Base-18 Model     16.6 million metric tons
U.S. Pacific Northwest Wheat Exports
Base Model         7.9 million metric tons
Base-18 Model   7.6 million metric tons
Canadian Eastern Wheat Exports
Base Model        2.7 million metric tons
Base-18 Model  2.7 million metric tons
U.S. Gulf Vtheat Exports
Base Model         18.3 million metric tons
Base-18 Model   11.6 million metric tons
Figure 5.9.  U.S. and Canadian Wheat Exports in the Base and Base-18 Models
Com production increases by 21.1 percent in the United States; however, com
exports increase by only 1.4 percent, meaning that much of the increased production is
consumed domestically.  Figure 5.10 shows the export flows for the United States and
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Canada.  Canadian exports in both models originate from Quebec, which increases its
production from the base year as a result of an increase in yields.  In the Base model, U.S.
exports of com come from Illinois, Ohio, Minnesota, Wisconsin, Michigan, North Dakota,
and South Dakota.  In the Base-18 model exports continue to come from Illinois, Ohio,
Minnesota, Wisconsin, and Michigan; however, North Dakota and South Dakota are no
longer exporting com.
U.S. Gulf Com Exports
Base Model         28.7 million metric tons
Base-18 Model   32.8 million metric tons
Figure 5.10. U.S. and Canadian Com Exports in the Base and Base-18 Models
The increase in U.S. production in 2018 is most significant in soybeans, mainly due
to growing global demand. Over the period, the United States increases its exports by
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nearly 40 percent, primarily to fulfill the growing demand in China.  While exports account
for 36.4 percent of domestic production in the base year, it accounts for 38 percent of
domestic production in 2018.  Figure 5.11 depicts the trade flows for U.S. exports in both
models.  The primary regions exporting soybeans in the Base model are North Dakota,
South Dakota, Minnesota, Wisconsin, Michigan, Indiana, and Illinois, with some additional
soybeans coming from Ontario to the eastern U.S. port for export. The increase in soybean
exports in the Base-18 model is due to increased exports from North Dakota, South Dakota,
Illinois, Indiana, and Iowa.  Additionally, the exports from Ontario increase.
Base-18 Model   5.7 million metric tons
U.S. Gulf Soybean Exports
Base Model        15.3 million metric tons
Base-18 Model  23.7 million metric tons
Figure 5.11. U.S. and Canadian Soybean Exports in the Base and Base-18 Models
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While the United States experiences the largest percentage increase in rice
production over the period, the amount of rice produced in the country is relatively small
and does not play a major role in global rice trade.  The increase in production is due
primarily to advances in farming technology as only a few regions of the United States
produce rice.  While the United States exports rice in both models, the trading partners in
2018 are different than in the base year. In both models, the United States exports rice by
truck and rail to Mexico and Canada.  However in the base year, the U.S. exports to
Europe, China, and a small amount to South Africa.  In 2018, the United States is exporting
rice primarily to South Africa and the Former Soviet Union-Middle East.  Figure 5.12
shows the flows of rice from producing regions to export ports in the United States.
U.S. Pacific Northwest Rice Exports
Base Model         .02 million metric tons
Base-18 Model    1.9 million metric tons
U.S. Gulf Rice Exports
Base Model        5.0 million metric tons
Base-18 Model  6.0 million metric tons
Figure 5.12. U.S. Rice Exports in the Base and Base-18 Models
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World Trade of Agriculture Commodities
Trade flows for all producing and consuming regions illustrate how changes in
production and consumption patterns affect world agriculture.  This is evident by
comparing imports and exports in the base year to those in 2018.  Tal]les 5.4 and 5.5
demonstrate the role and importance of each exporting and importing countries on the
world market for each of the four grains.  Exports in 2018 have increased for three of the
four grains, and most significantly in soybeans with an increase of 28 percent in the volume
of total soybean trade since the base year.  Rice is the only grain to exhibit a decrease with
global rice trade decreasing by 20.8 percent since the base year.  This indicates a change in
consumption patterns as consumers are demanding less rice and more soybeans globally.
Com trade increases by 0.8 percent in volume from the base year to 2018.  Primary
exporting countries in both models are the United States, Argentina, and Brazil.  However
in the Base-18 model, the United States gains only a small share in the world market, while
Argentina' s share increases and Brazil' s share decreases.  The percentage of world com
exports for each exporting country indicates that the United States has a comparative
advantage over other countries in exporting com.  Argentina exports about 28 percent of
total com trade in 2018 demonstrates that it also has a comparative advantage in exporting
com.  Other shifts come from growth in Canadian exports, as well as the emergence of the
EU-27 and South Asia as small exporting countries.  Southeast Asia exports a small
amount in the Base model, but shifts to become a net importer of com in the Base-18
model.  Exhibiting that Southeast Asia has a comparative advantage in the base year but
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has a comparative disadvantage in 2018, as it is not able to continue to provide for its
growing domestic consumption.
The largest com importing country in the Base-model is Japan, followed by the EU-
27, Mexico, South Korea, and North Africa.  In the Base-18 model, Mexico becomes the
largest importer accounting for 26 percent of all imports.  The EU-27 shifts to export a
small amount of com and China shifts to become an importing country in the Base-18
model.
Wheat exports in 2018, compared to the base year, indicate an increase in the
volume of wheat traded by 6.9 percent.  The primary exporting countries in both models
are the United States, Canada, Argentina, and Australia.  The two largest exporting
countries are the United States and Canada.  U.S. and Canadian exports account for 36.9
and 24.6 percent, respectively, of the world wheat trade in the base year, and 26.5 and 26.8
percent, respectively, in 2018.  Over this period, the fact that United States decreases its
exports and Canada increases its exports.  This indicates that Canada has a comparative
advantage in producing and exporting wheat over the United States and the other exporting
countries in 2018.  As a result, Canada becomes the largest exporter of wheat in 2018.  All
exporting countries increase exports in 2018, compared to the base year, with the exception
of the United States.
In the Base model, North Africa, South Africa, and Southeast Asia are the largest
importing regions of wheat.  In 2018, South Africa is the largest importer accounting for
nearly a third of all wheat imports.  Southeast Asia has increased its imports, and North
Africa, while still a large importer, has decreased its imports compared to the base year.
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China, Japan, and South Korea decrease their wheat imports in the Base-18 model,
indicating a decrease in consumption.
Soybean trade, as mentioned, increases the most significantly in Base-18 model.
The largest exporting countries are the United States and Brazil.  Both countries expand
their exports and account for a larger share of total world exports in 2018.  Argentina is
also a large exporting country in 2018.  However, Argentina shifts to produces more com,
and as a result, it has less of a presence in the world soybean market.  This exhibits that
Argentina has a comparative advantage in producing com rather than soybeans. Soybean
imports in both models demonstrate the large presence of China in global soybean trade.
While in the Base model China accounts for 45.3 percent of all soybean imports
by volume, in the Base-18 model it is importing more than half of the global soybean trade.
In 2018, China will import 53 percent of soybean imports, which is a growth of 53 percent
in its imports during the period.  Another large importing country is the EU-27, which
increases its imports between the two periods; however in 2018, its imports account for a
lesser share of the total soybean trade.  Between the two periods, all importing countries
increase their imports, except India, Japan, and South Africa, which reduce their imports
due to advances in farming technology.
Rice trade in 2018 demonstrates the change in global consumption patterns, as the
volume of rice traded decreases by one-fifth between the two periods.  The largest
exporting region is Southeast Asia accounting for 62.4 and 68.4 percent of global rice trade
in the Base and Base-18 models, respectively. The second largest exporter in the Base
model is Latin America; however, in the Base-18 model it decreases its exports by 78
percent as it shifts more acres to the production of soybeans.  The United States is also an
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exporter of rice, accounting for nearly 21 percent of global rice trade in 2018. Australia and
Brazil export a small amount of rice in the base year; however, Australia shifts to import
rice in 2018.
The largest rice importer is South Africa, though it does reduce its imports between
the two periods by 18.4 percent. Other importing countries increase their imports over the
period by a small amount.  China imports rice in the base year, but shifts to be a small net
exporter in 2018.
Alternative Scenarios for China
This section compares the results of the alternative scenarios to those of the Base-18
model, which is summarized in Table 5.6.  The alternative scenarios indicate what will
happen to Chinese production, consumption and trade as a result of changing technology
and increased demand.  Scenario 2 explains the resulting conditions if crop yields were to
increase by 20 percent above what has been forecasted for 2018. Scenario 4 explains the
resulting conditions if crop yields were to be 20 percent lower than the forecast for 2018.
Scenario 6 indicates the resulting conditions if domestic consumption in China were to be 5
percent higher than the forecast for 2018.
In Scenario 2 where yields are increased by 20 percent, China produces the same amount of
wheat and rice as in the Base-18 model.  However, it shifts more acres to com and
soybeans to increase its production to meet the demands of its growing livestock industry.
As a result, China produces 2.6 percent more com and 23.7 percent more soybeans
compared to the Base-18 model.  Because domestic consumption remains constant and its
production increases, China is now able to decrease its soybean imports by 9.6 percent and
become self-sufficient in com.
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Table 5.4. Exports in the Base and Base-18 Models
Exporter Base                                 I                               Base-18
---------------------------------million metric ton-----------------------------------
Corn Actual Percentage Actual Percentage
Argentina 17.39 24.4 20.25 28.2
Brazil 17.07 24.0 10.39 14.5
Canada 4.19 5.9 7.89 11.0
EU-27 0.07 0.1
South Asia 0.42 0.6
Southeast Asia 0.19 0.3
United States 32.40 45.5 32.85 45.7
Total 71.24 71.86
Wheat
Argentina 14.44 18.6 17.68 21.3
Australia 11.28 14.5 13.46 16.2
Canada 19.17 24.6 2:2..2;J 26.8
Former Soviet UnionMiddleEast
0.54 0.70 I.06 1.3
India 3.62 4.7 6.63 8.0
United States 28.74 36.9 22.06 26.5
Total 77.80 83.17
Soybean
Argentina 14.00 21.7 4.14 5.0
Brazil 19.50 30.4 31.52 38.3
Canada 0.26 0.4 0.45 0.6
Latin America 3.23 5.0 8.16 9.9
United States 27.28 42.5 38.09 46.2
Total 64.24 82.36
Rice
Argentina 0.54 1.0 0.53 I.3
Australia 0.06 0.I
Brazil 0`.03 0.06
China 1.12 2.8
Latin America 1  1.71 24.4 2.61 6.6
Southeast Asia 29.96 62.4 27.23 68.4
United States 5.74 12.0 8.30 20.9
Total 48.04 39.80
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Table 5.5. Imports in the Base and Base-18 Models
Importer Base Base-18
---------------------------------million metric ton-----------------------------------
Com Actual Percentage Actual Percentage
China 4.58 6.4
EU-27 14.84 20.8
Former Soviet UnionMiddleEast 3.78 5.3
Japan 16.60 23.3 16.42 22.8
Latin America 7.01 9.8 7.87 11.0
Mexico 12.41 17.4 18.65 26.0
North Africa 8.07 11.3 10.84 15.I
Southeast Asia 2.31 3.2
South Korea 8.54 12.0 11.18 15.6
Total 7 1 . 24 71.85
Wheat
Brazil 5.98 7.7 6.94 8.3
China 0.76 I.0
EU-27 2.66 3.4 2.66 3.2
Japan 5.21 6.7 4.81 5.8
Latin America 5.11 6.6 5.75 6.9
Mexico 2.53 3.2 2.86 3.4
North Africa 16.65 21.4 13.87 16.7
South Africa 22.09 28.4 26.47 31.8
Southeast Asia 10.82 13.9 14.14 17.0
South Korea 2.99 3.8 2.67 3.2
United States 3.00 3.9 3.00 3.6
Total 77.80 83.17
Soybean
China 29.02 45.2 44.40 53.9
EU-27 14.86 23.1 16.24 19.7
Former Soviet UnionMiddleEast 3.35 5.2 4.39 5.3
India 2.23 3.5 0.56 0.7
Japan 4.02 6.3 3.55 4.3
Mexico 3.61 5.6 4.96 6.0
North Africa I.53 2.4 1.53 1.9
South Africa 0.47 0.7 0.22 0.3
South Asia 0.07 0.1 0.17 0.2
Southeast Asia 3.76 5.9 4.98 6.0
South Korea 1.21 I.9 1.35 I.6
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Table 5.5. (Continued)
Total 64.24 82.33
Rice
Australia 0.03 0.I
Canada 0.32 0.6 0.49 I.2
China 3.63 7.6
EU-27 I.12 2.3 1.85 4.7
Former Soviet UnionMiddleEast 4.10 8.5 5.11 12.8
Japan 0.99 2.0 I.12 2.8
Mexico 0.59 1.2 0.76 1.9
South Africa 37.29 77.6 30.44 76.5
Total 48.04 39.80
Trade flows change as a result of China producing more com and soybeans.
Argentina and Canada export less com and soybeans compared to the Base-18 model.
Since China is no longer a net importer of com, Argentina is able to export 12.8 percent
more com to Japan.  The United States reduces its exports to Japan, and increases its
exports to South Korea. Canada reduces its exports by nearly 28 percent.  In the Base-18
model, Canada is exporting a small amount of com to North Africa; however, in Scenario
2, North Africa is importing com from Brazil.  Brazil has extra com, because it is exporting
less to South Korea, as the United States is now exporting more to that country.
World soybean trade decreases because of the reduction in China' s imports under
this scenario, with overall flows of soybeans from exporting countries to importing
countries changing as a result of an increase in soybean production in China.  Argentina's
exports to Southeast Asia are reduced by 71 percent.  Southeast Asia is now importing
more from Brazil, as Brazil is now exporting less to China.  Brazil also has increased its
exports to South Asia by a small amount.  Thus, the amount of soybeans Brazil is exporting
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remains the same.  U.S. exports of soybeans have decreased by 3 percent under this
scenario.
In Scenario 4, yields are decreased by 20 percent from the 2018 projection in China
resulting in China being a net importer of all four crops.  Production of wheat, com,
soybeans, and rice decreases by 9.2, 23.2, 28.8, and 18.4 percent, respectively.  As a result,
China now imports 8.4 percent of its domestic consumption of wheat, 20.9 percent of its
domestic consumption of com, 77.6 percent of its domestic consumption of soybeans, and
14.8 percent of its domestic consumption of rice. The impact of the changes in China' s
imports on world agriculture trade is significant.
China imports com from Argentina, Brazil, the Former Soviet Union-Middle East,
and the United States in this scenario.  Because of the increased demand for com globally,
Southeast Asia and North Africa have reduced their imports by 13 and 0.5 percent,
respectively.  While other importing regions maintain the quantity of imports, the amount
aITiving from the individual exporting ports has changed.  Southeast Asia was importing all
of its com from Argentina, but in this scenario this amount is reduced.  Argentina is
exporting more com to fill the increased demand in China and is no longer exporting to
Australia and Japan.  Brazil has increased its exports of com, mostly to China though it
also exports a larger amount to South Korea. In this scenario, Brazil no longer exports com
to North Africa.  Canadian exports of com are small in the Base-18 model at 7.89 million
metric tons; however in Scenario 4, Canada has increased its exports to 9.72 million metric
tons with this com going to North Africa.  In addition, the Former Soviet Union-Middle
East becomes a net exporter of com with this com being exported to China and a small
amount to North Africa.
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Table 5.6. Production, Consumption and Trade for China in the Base-18 and Alternative
Scenarios
Base-18 Scenario 2 Scenario 4 Scenario 6
--------------------------------million metric tons----------------------------------
Production
Wheat 106.00 106.cO 97.08 LIL.31
(0.0) (-9.2) (5.0)
Corn 176.77 181.35 143.43 179.44
(2.6) (-23.2) (1.5)
Soybean 17.96 22.21 13.94 18.20
(23.7) (-28.8) ( 1.3)
Rice 128.58 128.58 108.60 134.95
(0.0) (-18.4) (5.0)
Consumption
Wheat 106.cO 106.00 106.00 111.31(5.0)
Corn 181.35 181.35 181.35 190.42(5.0)
Soybean 62.36 62.36 62.36 65.47(5.0)
Rice 127.45 127.45 127.45 133.82(5.0)
Imports
Wheat 8.91
Corn 4.58 37.92 10.98
Soybean 44.40 40. 15 48.42 47.27
Rice 18.85
Exports
Rice 1.13 1.13 1.13
( ) the percentage increase/decrease over the Base-18 model results
The United States is the most affected in Scenario 4, as it increases its com exports
by nearly 50 percent.  This increase affects  Iowa, Illinois, and Indiana, since they are now
producing 9,10, and 15 percent more com, respectively, for export.  The majority of the
increase in U.S. exports is to fill the import demand for com in China; however, it is also
exporting more to Japan, as Japan is no longer receiving imports from Argentina.  The
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United States does reduce its exports to South Korea, as it is now importing more from
Brazil.
Soybean trade volume has also increased, with Argentina almost doubling its
exports of soybeans and with a slight increase from the United States. In actuality the
increase in exports needed to fulfill China' s import demand is coming primarily from
Brazil, which increases its exports to China by 4.6 percent.  Argentina shifts its exports as it
begins to send soybeans to China, which accounts for its increase in exports.  The slight
increase in U.S. soybean exports is due to more exports going to the EU-27.  In fact, in this
scenario the United States actually decreases its exports to China, though only by one
percent. The increase in U.S. exports impacts Regions 3, 8, and 10, which includes Maine,
Massachusetts, New Hampshire, New York, Pennsylvania, Vermont, Connecticut,
Delaware, Maryland, New Jersey, Rhode Island, and Ohio, as these three regions each
increase their production of soybeans by 0.7 percent.
Wheat trade has increased to accommodate the growing demand in China and is
met by increased exports in Argentina, Canada, South Asia, and the United States.
Because China was not an importer previously, this scenario shows which country/region
would export wheat to China should the demand arise.  The country that supplies China
with a significant portion of its wheat is Canada, though the United States also exports a
small amount to them.  Increases in Argentina's exports are to satisfy the import demand
previously fulfilled by Canada, primarily in the South Africa region.  South Asia increases
its exports to North Africa, which previously imported wheat from the United States and
Canada.  The increased Canadian exports have implications for all of the 6 Canadian
regions, with each region increasing its production of wheat by 0.7 percent.  In the United
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States the ability to export more is the result of most wheat producing regions increasing
their wheat production by 0.7 percent.
Rice trade has shifted to increase exports from Latin America and Southeast Asia.
China, who previously was a small net exporting country, is now importing 18.85 million
metric tons.  Southeast Asia is exporting nearly 55 percent more than it is in the Base-18
model, with the majority of its exports going to China.  Latin America has increased its
exports, though this is to fulfill the demand in South Africa, which was previously satisfied
by Southeast Asia.
Scenario 6 indicates the impact of a 5 percent increase in consumption in China
compared to the Base-18 model.  In this scenario, China increases its production of rice and
wheat by 5 percent to satisfy domestic demand, showing its comparative advantage in
producing these two crops.  Imports of com and soybeans increase, because even though
China has expanded its production of these two crops by 1.5 and 1.3 percent, respectively,
it was not enough to satisfy domestic demand.  As a result, China's imports of com more
than double and soybean imports increase by 6.5 percent.  Because China is only increasing
its imports of com and soybeans, only the trade of these two commodities is affected.
The net result on global com trade is that Canada, the Former Soviet Union-Middle
East, and United States increase their exports. The increase in import demand from China
is being satisfied by exports from Argentina.  However, in order to satisfy this demand
Argentina must export less to Japan, its other major export destination from the Base-18
model.  Thus, Japan now imports three times more from the United States compared to the
Base-18 model and as a result, the United States reduces its exports to South Korea.  The
increase in com exports from the United States is due to Iowa increasing its production by
78
8 percent.  South Korea now increases its imports from Brazil.  The slight increase in
Canadian exports and the emergence of the Former Soviet Union-Middle East as a net
exporting country is due to the need to satisfy the import demand in North Africa.  This is
needed because Brazil has decreased its exports to North Africa in order to increase its
exports to South Korea.
Soybean trade in Scenario 6 indicates that as Chinese demand for soybeans
increases as a result of rising domestic consumption, soybean exports in Argentina
increase.  Argentina exports soybeans to China and it increases its exports to Southeast
Asia.  Brazil increases its exports to China by 3.6 percent, but as a result reduces exports to
Southeast Asia.
The analysis confirms China's large role in the global soybean trade, as its imports
are likely to increase substantially in 2018.  China's growing livestock population, to serve
growing consumer demand, is also likely to need more com than what China can produce.
China is a large producer of com, but the analysis shows that it will likely become a small
net importing country of com in 2018.  China also produces a large amount of wheat,
which is consumed intemally.  Since Chinese consumers are consuming less wheat per
capita in 2018, it is able to stay self-sufficient in all but Scenario 4.  Rice is similar to
wheat, with China having a comparative advantage in rice production.  This allows for a
small amount to be exported in all but one scenario, meaning China will also most likely
remain self-sufficient in rice.
Alternative Scenarios for India
The other primary country of focus in this study is India, and the remaining
alternative scenarios examine the same situations as those explored for China but in
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relation to production and consumption conditions in India. Table 5.7 compares the results
of the alternative scenarios to those of the Base-18 model.
Alternative Scenario 1 determines the impact of increased technology on domestic
production and trade in India.  As a result of increasing yields by 20 percent above those in
the Base-18 model, production of wheat, com, and soybeans increase by 12.4,18.1, and
14.2 percent, respectively.  Rice production remains the same as in the Base-18 model.
Consumption remains constant, and thus India now exports 17.8 percent of its total wheat
production,15.3 percent of domestically produced com, and 8 percent of domestically
produced soybeans.
Trade flows also change as India increases its role as an exporter.  Global com trade
alters as India now exports its surplus production to North Africa.  As a result, Brazil and
Canada export less com to North Africa.  Brazil increases its exports to South Korea.  The
United States decreases its exports to South Korea but increases its exports to Japan, as
Argentina has now reduced its exports to Japan.  The net result is a reduction in com
exports from Argentina and Canada.
In the Base-18 model, India imports soybeans; however as yields increase in
Scenario 1, India is able to export soybeans.  India now exports soybeans to North Africa,
who can now import less from Latin America.  The EU-27 increases its imports from Latin
America and reduces its imports from the United States.  The United States can now export
more to China, allowing Brazil to export less to China and more to Southeast Asia.
Argentina can reduce its exports to Southeast Asia, and thus achieves the net result for this
scenario of reducing its soybean exports by 37 percent.
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Table 5.7. Production, Consumption and Trade for India in the Base-18 and Altemative
Scenarios
Base-18 Scenario  I Scenario 3 Scenario 5
-------------------------------million metric tons--------------------------------
Production
Vtheat 92.00
103.41 80.53 96.27
(12.4) (-12.5) (4.6)
Com 19.62 23.18
19.56 20.60
(18.1) (-.3) (5.0)
Soybean
10.87 12.41 8.29 10.87
( 14.2) (-23.8) (0.0)
Rice 108.46 108.46
108.46 113.88
(0.0) (0.0) (5.0)
Consumption
Wheat 85.37 85.37 85.37
89.64(5.0)
Com 19.62 19.62 19.62
20.60(5.0)
Soybean 1 1 .42 I 1.42 1 1.42
12.00(5.0)
Rice 108.46 108.46 108.46
113.88(5.0)
Imports
Wheat 0.00 0.00 4.84 0.00
Com 0.00 0.00 0.06 0.00
Soybean 0.56 0.00 3.14 1.13
Rice 0.00 0.00 0.00 0.00
Exports
Wheat 6.63 18.04 0.00 6.63
Corn 0.00 3.56 0.00 0.00
Soybean 0.00 0.99 0.00 0.00
( ) the percentage decrease/increase over the Base-18 model results
Global wheat trade has also changed, since exports from India have nearly tripled.
The net effect is that Canada and the United States have reduced their wheat exports. On
the importer side, as a result of India' s wheat exports, Brazil and North Africa are now
importing more wheat. The reduction of wheat exports in Canada is due to Canada
exporting less to South Africa. As a result, Argentina has increased it exports to South
Africa and reduced its exports to Brazil.  Brazil is now importing some wheat from the
United States and the United States has significantly reduced its exports to North Africa.
North Africa is now importing its wheat from India.
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In Scenario 3 crop yields in India are decreased by 20 percent from the Base-18
model.  The resulting change in production is that India now produces  12.5 percent less
wheat, 0.3 percent less com, and 23.8 percent less soybeans, while rice production remains
constant.  Consumption remains the same as in the Base-18 model, and thus India now
imports more soybeans, a small amount of com, and now imports wheat.  The increased
imports impact primarily the global trade of soybeans and wheat.
The net result on soybean trade is that Argentina increases its soybean exports by
62 percent. This is due to Argentina's increased exports to Southeast Asia and China.
Brazil, whose overall exports remain the same, is now exporting less to China and is now
exporting to India.  Net changes in wheat trade are experienced in Australia, Canada, and
the United States as each increases their exports.  Argentina's exports remain the same;
however, it has reduced its exports to Brazil.  Brazil is now importing less wheat, and thus
Argentina has increased its exports to South Africa.  Australia has expanded its exports by
61 percent, as it now exports more wheat to Southeast Asia and is now exporting to India
and South Africa.  Canadian exports have increased by 2.8 percent, as it is now exporting
to North Africa.  North Africa was previously receiving wheat imports from India. Canada
has also reduced its exports to South Africa, who is now importing wheat from Argentina.
Wheat exports from the United States have increased by 7.8 percent, as it has increased its
exports to North Africa and Japan.  The increase in U.S. exports impacts production in
Regions 4 and 6, Kansas, Nebraska, Missouri, Oklahoma, and Texas, with increases of
nearly 15 percent.  Rice trade remains constant, as India is able to stay self-sufficient in its
rice consumption.
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Scenario 5 demonstrates the resulting production, consumption and trade flows if
India's consumption increases 5 percent above the Base-18 model.   Production in this
alternative scenario reveals that India will expand its production of wheat by 4.6 percent,
com by 5 percent, soybeans will remain constant, and rice production will increase by 5
percent.  The result is that India is able to stay self-sufficient in rice and is able to maintain
its exports of wheat from the Base-18 model.  However, soybean imports increase to meet
the increase in domestic demand. The impact on global trade for this scenario is minimal as
only soybean trade is impacted.  The net result is that Argentina increases its soybean
exports by 13.9 percent, with this increase allowing them to increase its exports to
Southeast Asia.  Brazil reduces its exports to Southeast Asia, and instead exports to India.
By evaluating the alternative scenarios for India it is evident that the country is able
to stay relatively self-sufficient in 2018, other than in the scenario in which its yields are
reduced.  India is able to stay self-sufficient in rice for all four scenarios, due to its
comparative advantage in rice production.  It also has a comparative advantage in wheat
production, and thus is able to maintain exports in all but Scenario 3.  India has a
comparative disadvantage in producing com and soybeans in all scenarios but Scenario 1 in
which yields are increased.  However, India does not consume a large amount of either
crop in 2018.  The analysis shows that while hdia will most likely have a role as an
exporter in wheat and a small importer of soybeans, it is able to stay relatively self-
sufficient in 2018.
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CHAPTER VI. SUMMARY AND CONCLUSIONS
China and India have both experienced economic growth over the past twenty
years, which is resulting in changes in domestic consumption.  These changes are expected
to alter China and India' s trade of agricultural commodities.  While both countries have
tried to maintain self-sufficiency through policies and the practices of retaining grain
stocks, they may be unable to continue these practices in the future and thus will become
large importing countries of agricultural commodities. The impact on global agriculture
could be substantial as major exporting countries would have to increase production to
meet growing global demand.
The objective of this study is to examine the expected changes in China and India's
import and export demand of com, wheat, rice, and soybeans and the impact of these
changes on the United States and other major importing and exporting countries.  The
following are specific objective of this study:
1.   To determine the optimal production and trade flows of wheat, com, rice, and
soybeans in China and India based on their resource endowments.
2.   To  predict  Chinese  and  Indian  crop  production  and  trade  flows  and  their
impacts on world agriculture under different scenarios.
3.   To evaluate the competiveness  of the United States  and other major exporting
countries   in  exporting   grains   to   China,   India,   and  other  major  importing
countries.
A spatial equilibrium model, based on a mathematical programming algorithm, was
developed to conduct the research.  The model optimizes production in China and India and
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other  major  producing  regions  and  trade  flows  are  determined  based  on  comparative
advantage.
Summary
China in the Base model produces 99.31,136.33,123.47, and 15.52 million metric
tons of wheat, com, rice, and soybeans, respectively.  As a result, China must import 0.76
million metric tons of wheat, 29.02 million metric tons of soybeans, and 3.63 million
metric tons of com to satisfy its domestic consumption.  However, in the Base-18 model
China produces 106,181.35,127.45, and 62.36 million metric tons of wheat, com, rice, and
soybeans, respectively.  To satisfy its domestic consumption it must import 4.58 million
metric tons of com and 44.4 million metric tons of soybeans; however, it is now able to
export 1.12 million metric tons of rice.  This indicates that China will likely be able to
satisfy its domestic consumption of rice and wheat through its domestic production in
2018.  Therefore, increases in technology allow China to stay self-sufficient in these cereal
grains.  However, the results also indicate that despite increased production due to
increasing yields, China will have to increase its imports of com and soybeans in 2018 to
satisfy domestic demand.
The alternative scenarios indicate that in most scenarios China is able to maintain
its self-sufficiency in wheat and rice.  China imports these commodities in the scenario in
which yields are decreased by 20 percent from the Base-18 model.  In all scenarios, China
imports soybeans, indicating that China has a comparative disadvantage in soybean
production over other crops. China imports com in most scenarios; however the quantity
imported remains relatively small in all but the reduced yield scenario. Thus, China' s
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impact on global agriculture will be most significant in soybeans, with China importing
nearly 54 percent of global soybean exports in 2018.
In the Base model, India produces 80.02,14.29, 91.05, and 7.23 million metric tons
of wheat, com, rice, and soybeans, respectively.  Thus, domestic production is enough to
allow India to be self-sufficient in com and rice and export 3.62 million metric tons of
wheat.  India does have to import 2.23 million metric tons of soybeans to satisfy domestic
consumption.  In the Base-18 model India produces 85.37,19.62,108.42, and 11.42 million
metric tons of wheat, com, rice, and soybeans, respectively.  Therefore, it is able to
increase its exports of wheat to 6.63 million metric tons, but must import .56 million metric
tons of soybeans to meet growing domestic demand.  Increased production in 2018, due to
advancements in faming technology, allows for India to remain self-sufficient in rice and
com, expand its wheat exports, and reduce its soybean imports.
The alternative scenarios confirm the conclusions from the Base-18 model.  India is
not a large importer of any of the four crops and consistently exports wheat and remains
self-sufficient in rice and com in all but the alternative scenario in which yields are
decreased 20 percent from the Base-18 model projections.  This indicates that India will
likely be able to remain self-sufficient in most crops in 2018.
Global agriculture in 2018 reveals an increase in production in order to meet rising
global demand. The United States exports the most com and soybeans in the Base and
Base-18 models, as it increases its production in the Base and Base-18 models by 21.1 and
33 percent, respectively.  The United States exports the most wheat in the Base model;
however, in 2018 Canada surpasses the United States to become the largest supplier in the
global wheat market as it exports 22.27 million metric tons of wheat compared to the U.S.
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exports of 22.06 million metric tons.  From the current period to 2018, Argentina becomes
a large producer of com and increases its com exports substantially.  As a result, it
decreases its soybean production and exports, showing its comparative advantage in
producing com.  Brazil increases its soybean production in 2018 and as a result becomes
the second largest exporting country of soybeans in the world.  Southeast Asia is the largest
rice producer and exports the most rice in both the Base and Base-18 models.  While other
countries/regions also contribute to global grain trade, the United States, Canada, Brazil,
Argentina, and Southeast Asia play the largest role in supplying the world with these four
staple crops.
Conclusions
The following conclusions are drawn based on the discussions above:
1.   China is likely to be able to stay self-sufficient in wheat and rice in 2018, but will
import soybeans and com.  This is due to changes in consumption patterns in which
Chinese consumers are consuming less wheat and rice, crops that China has a
comparative advantage in producing, and consuming more com and soybeans.
While China will be able to produce much of its needed com, it has a comparative
disadvantage in soybean production and will become the world' s largest soybean
importing country.
2.   India will likely remain self-sufficient in wheat, rice, and com.  However, India will
import a small amount of soybeans to satisfy its domestic consumption.  It is
expected that technology increases will allow India to produce enough wheat, rice,
and com to fulfill its growing domestic demand and allow it to continue to export
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wheat.  India will import soybeans, though not as much China as its structural
changes in demand are not as pronounced.
3.   The United States has an advantage in exporting soybeans to China; however, India
and China will both import soybeans from Brazil.  In 2018, the United States will
remain the largest com exporter, though Argentina will increase its exports to meet
rising demand in China. Canada will surpass the United States in wheat exports,
though both will remain large wheat exporting countries.  The United States will
increase its rice exports, though exports of rice are not large comparatively.
Southeast Asia will still produce and export the most rice in the world.
Need for Further Study
This study evaluates the impact of structural changes in demand of wheat, com,
rice, and soybeans on world agriculture and global grain trade. However, there are cultural
differences between China and India that affect dietary preferences and thus conducting the
analysis with different agricultural commodities could produce different results.  In
addition, few studies have evaluated structural changes in demand in India.  Thus, there is
limited information about its changing consumption resulting from its increasing income.
Another area that would warrant futher study would include the by-products of
these four primary crops.  The model determines consumption, production, and trade of
soybeans; however, it does not take into account soy oil and soybean meal which are both
by-products of soybeans and will affect global soybean production, consumption, and
trade.  Biofuels are another area for additional research, as this model does not take into
account com-based ethanol or bio-diesel, which uses com and soybeans, respectively, and
would affect the production, consumption, and trade in the future.
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APPHNDIX
Table A.1. Domestic Consumption Estimates for 2018
FAPRI USDA AR( I )
------------.----------------------1000 metric tons---------------------------------
Corn
ARG 10,580 9,230 8,521
AUS 488 0 433
BZL 61,551 55,176 52,511
CAN 15,434 13,513 17,580
EU 70,609 62,827 58,955
FSU-RE 50,852 31,813 118,377
IND 21,406 22,814 19,616
JAP 18,795 16,502 16,418
KOR 9,358 8492 1 1,295
LAT 30,498 18715 86882
REX 40,763 38,718 41,570
NAF 16,864 18,834 90,397
SA I,619 0 3,960
SAF 12,009 54595 54270
SEA 39,405 3 1 ,246 299,062
US 346,198 312,396 286,586
Wheat
ARG 6,752 5384 5,158
AUS 13,358 6956 8,252
BZL 13,181 12545 11,894
CAN 18,440 8411 7.609
EU 156,640 135345 134,580
FSU-RE 202,529 143,844 569,207
IND 98,705 84436 85,368
JAP 7,934 5928 5,517
KOR 5,725 3851 2,682
LAT 17,104 10405 5 1 ,472
REX 8,148 7827 6,155
NAF 52,945 41,278 178,755
SA 29,162 29420 19,059
SAF 0 3200 20,427
SEA 29,890 29675 124,053
US 53,768 36779 45,450
Soybean
ARG 72,701 56,546 56,586
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Table A.1. (continued)
AUS 0 0 48
BZL 59,305 47,858 55,905
CAN 2,360 I,981 2,603
EU 15,615 12,808 17,340
FSU-RE 1 ,5 1 7 6,473 32,ilo
IND 13,096 I 1 ,422 3,401
JAP 4,1 13 4,382 3,913
KOR 1,501 1,454 1,575
LAT 2276 3791 22869
REX 3,868 4,805 5,099
NAF 0 1582 8,921
SA 0 0 159
SAF 0 0 1660
SEA 0 6,383 66,652
US 69,347 51,588 65,348
RIce
ARG 548 374 505
AUS 479 343 563
BZL 10,857 9,448 8,690
CAN 488 404 489
EU 3,661 2,910 3,773
FSU-RE 10,121 9,299 52,564
IND 121,573 108,455 94,645
JAP 9,395 1.J19 6,699
KOR 5,566 4,295 3,738
LAT 279 5691 26820
REX 1,232 1,037 941
NAF 4,952 4,307 19,833
SA 40,405 40,640 22,825
SAF 10,113 21,158 25,160
SEA 138,367 125,676 975,026
US 5,810 6,633 5,488
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Table A.2. Com Production in Base and Base-18 Models
Base Model Base-18 Model
Harvested Yield Production Harvested Yield Production
---------------------------------------1000 metric tons-------------------------------------------
ARG 3490 6.99 24393 3487 8.25 28770
AUS 62 5.2 320 70 6.13 430
BRZ1 9465 3.13 29625 7002 3.69 25837
BRE2 7975 3.63 28950 8659 4.28 37061
CAL 4 7.43 27 0 0 0
CBC 0 0 0 4 8.77 32
Cue 64 6.5 415 91 7.67 697
CON 1113 9.27 10316 1523 10.93 16644
CQB 559 8.2 4583 837 9.67 8094
CSK 0 0 0 0 0 0
EUR 7832 6.2 48557 8074 7.31 59020
FSU-RE 5676 4.04 22931 7143 4.76 34000
IND1 275 2.18 600 273 2.58 704
IND2 203 2.77 563 186 3.27 609
IND3 32 I.43 46 83 1.68 139
IND4 1739 1.42 2469 1605 1.68 2696
IND5 433 1.25 541 551 1.47 810
IND6 800 1.63 1304 833 1.93 1607
IND7 88 1.27 112 229 I.5 343
IND8 564 2.29 1292 401 2.7 1081
IND9 167 1.47 246 429 I.74 747
IND10 55 I.55 85 63 I.83 115
IND 1 I 62 2.59 160 88 3.06 271
IND12 158 1.74 276 187 2.06 386
IND13 2246 2.83 6357 2857 3.34 9542
IND14 166 1.44 238 336 1.69 567
JAP 1 I I I 1.18 1
LAT 2592 3.23 8372 2847 3.81 10846
REX 6404 3.06 19595 6348 3.61 22915
NAF 1176 6.46 7598 1048 7.63 7995
SAF 31121 1.57 48860 29335 1.85 54270
SA 2207 2.39 5274 2018 2.82 5690
KOR 18 4.82 87 20 5.68 114
SEA 10031 2.86 28688 11007 3.37 37093
Usl 1268 7.77 9852 1200 9.17 1 1 002
US2 60 10.86 651 294 12.82 3766
US3 612 7.79 4769 567 9.2 5216
US4 5366 9.06 48614 6176 10.69 66019
US5 2015 7.15 14408 2562 8.44 21626
US6 730 7.97                        5817 779 9.4 7318
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Table A.2. (continued)
US7 551 8.73 4812 807 10.3 8313
US8 _JC) 7.93 2214 270 9.36 2528
US9 4471 9.54 42655 4716 1 I.26 5 3 I 02
Uslo 1193 9.46 11281 1137 11.16 12686
USll 5406 10.67 57679 5105 12.59 64276
US12 5043 10.07 50780 4719 11.88 56058
US13 2444 9.73 23778 2156 1 1.48 24745
US14 50 12.63 627 52 14.91 768
US15 361 6.76 2440 222 7.97 1766
US16 64 9.62 617 76 11.36 867
US17 437 9,44 4130 466 11.14 5190
ANHUI 829 5.06 4197 852 5.97 5089
BEIJIN 146 4.85 707 144 S .I ®_ 825
CHONGQIN 371 4.43 1643 402 5.23 2104
FUJIAV 28 3.39 95 28 4 112
GANSU 387 5.08 1966 409 5.99 2448
GUANGDON 140 4.51 629 131 5.32 694
GUANGXI 444 3.39 1504 483 4 1933
GUIZHOU 542 5.29 2866 575 6.24 3589
HAINAN 14 3.25 44 13 3.84 48
IHBEI 2244 4.5 10099 3648 5.31 19370
IHNAN 1975 5.48 10825 2115 6.47 13685
rm 3977 4.93 19609 4062 5.82 23642
HUBEI 356 5.73 2039 360 6.76 2432
HUNAV 211 5.04 1061 213 5.95 1269
JIANGSU 776 6.28 4871 640 7.41 4743
JIAVGXI 18 3.77 68 18 4.45 80
JILIN 2236 5.07 11334 2472 5.98 14784
LIAONING 1492 4.34 6476 1464 5.12 7497
NIIMONG 1089 5.44 5926 1134 6.42 7280
NINGXIA 262 7.01 1834 263 8.27 2174
QINGHAI 5 6.41 33 5 7.56 39
SHAANXI 821 4.39 3603 755 5.18 3911
SHAVDONG 4294 6.82 29285 4654 8.05 37464
SHANGHAI 10 7.99 83 10 9.43 97
SHANXI 615 5.02 3086 545 5.92 3229
SIclmAN 1008 4.97 5010 1123 5.86 6582
TIANJIN 117 3.5 410 116 4.13 479
XINGJIANG 372 7.88 2929 461 9.3 4285
XIZHANG 5 5.03 26 5 5.94 31
YUNNAN 838 4.7 3938 1202 5.55 6673
ZIHJIAVG 36 4.37 157 34 5.16 176
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Table A.3. Wheat Production in Base and Base-18 Models
Base Model Base-18 Model
Harvested Yield Production Harvested Yield Production
------------------------------------------1000 metric tons--------------------------------------
ARG 6568 2.98 19572 6679 3.42 22843
AUS 13045 1.34 17481 14098 1.54 21710
BRZ1 1271 1.7 2160 968 1.96 1896
BRZ2 1221 i.92 2344 1384 2.21 3059
CAL 2674 2.9 7756 2491 3.34 8321
CBC 19 2.27 42 19 2.61 48
CMB 1340 2.97 3981 1056 3.41 3599
CON 474 5 2368 697 5.75 4007
CQB 57 2.93 167 83 3.37 279
CSK 5484 2.1 11517 5466 2.42 13228
Eun 22640 5.03 113877 22824 5.78 I 3 1 92 1
FSU-RE 60344 I.95 i 17671 60338 2.25 135760
IND1 325 1.72 559 312 1.98 618
IND2 6991 4.08 28525 8524 4.69 39976
IND3 356 1.85 658 928 2.13 1976
IND4 13533 2.67 36132 1 1 042 3.07 33898
IND5 969 2.62 2539 1394 3.01 4195
IND6 3576 1.72 6150 2665 1.97 5250
IND7 92 0.92 84 237 1.06 251
IND8 1832 1.67 3060 1754 1.92 3368
IND9 59 1.76 103 150 2.03 305
IND I 0 4 1.36 5 3 1.57 4
IND 1 1 482 2.18 1050 405 2.5 1013
IND12 0 0 0 32 1.39 44
IND13 72 1.21 87 836 1.32 1104
IND14 931 1.15 1070 0 0 0
JAP 193 4.09 788 150 4.7 706
LAT 1329 2.64 3507 1530 3.04 4652
NIX 553 5.38 2973 532 6.19 3292
NAF 8405 2.29 19247 10421 2.63 27408
SAF 3355 I.99 6677 3727 2.29 8534
SA 14197 2.36 33505 12201 2.71 33065
KOR 2 3.67 9 4 4.22 17
SEA 120 1.5 180 88 1.73 153
US1 470 3.85 1808 425 4.42 1877
US2 148 5.17 765 261 5.94 1549
US3 101 3.81 386 83 4.38 366
US4 4876 2.47 12044 4289 2.84 12182
US5 4824 2.35 11337 4118 2.71 11161
US6 2664 1.99 5301 1616 2.29 3699
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Table A.3. (continued)
US7 288 3.51 1009 162 4.04 654
US8 91 4.41 401 61 5.07 308
US9 1063 3.54 3764 1014 4.08 4138
US10 352 4.48 1575 243 5.16 1255
Usll 8 3.68 30 8 4.23 35
US12 335 4.1 1374 297 4.72 1401
US13 163 4.39 717 112 5.05 567
US14 1275 3.99 5088 1013 4.59 4647
US15 154 3.12 481 123 3.59 440
US16 2722 2.69 7322 2442 3.1 7569
US17 954 0.62 591 1011 0.71 718
ANrm 1143 3.63 4148 1026 4.17 4278
BEIJIN 188 5.98 1126 163 6.88 1121
CHONGQI 203 2.37 480 220 2.73 600
FUJIAV 19 3.1 59 20 3.57 71
GAVSU 557 2.43 1354 590 2.79 1645
GUAVGDO 6 3.11 20 5 3.58 19
GUANGXI 0 0 0 9 1.73 16
GUIZHOU 8 1.5 12 261 2.28 595
HAINAN 246 1.98 486 0 0 0
IIEBEI 2388 4.92 11749 3389 5.66 19179
HENAN 5619 4.95 27813 5252 5.69 29886
rm 571 I.77 1010 509 2.04 1037
rmEI 475 3.02 1434 419 3.47 1452
HUNAV 50 2.14 106 50 2.46 122
JIAVGSU 2023 4.44 8982 1459 5.11 7455
JIANGXI 24 1.68 41 24 I.93 47
JILIN 32 2.3 75 36 2.65 95
LIAONING 2139 3.31 7079 1826 3.81 6957
NEIMONG 328 3.22 1055 341 3.7 1262
NINGXIA 127 2.78 353 128 3.2 409
QINGHAI 83 2.89 239 83 3.32 275
SHAANXI 642 2.97 1906 653 3.42 2235
SHANDON 2694 5.41 14575 2549 6.22 15854
SHANGHA 204 4.72 962 176 5.43 958
SHANXI 424 2.63 Ills 376 3.02 1136
SICENAV 688 3.62 2489 766 4.16 3186
TIANJIN 305 5.33 1626 262 6.13 1605
XINGJIAV 1112 5.19 5770 1202 5.97 7173
XIZHANG 347 6.45 2241 308 7.42 2284
YUNNAN 279 _.51 717 401 2.96 1185
ZREJIAVG 100 3.38 339                          83 3.89 322
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Table A.4. Soybean Production in Base and Base-18 Models
Base Model Base-18 Model
Harvested Yield Production Harvested Yield Production
-------------------------------------------1000 metric tons--------------------------------------
ARG 17839 2.81 50127 18919 3.21 60731
AUS 16 2.32 38 6 2.64 17
BRZ1 11398 2.58 29406 14695 2.94 43204
BRZ2 7920 3.02 23918 12855 3.44 44220
CAL 0 0 0 0 0 0
CBC 0 0 0 0 0 0
CMB 120 2.1 252 155 2.39 370
CON 1181 -.J3 3224 1714 3.12 5346
CQB 264 2.69 709 360 3.07 1105
CSK 0 0 0 0 0 0
EUR 500 2.5 1249 388 2.85 1105
FSU-RE 1281 I.2 1537 1533 1.36 2084
IND1 1 1.11 1 1 1.27 1
IND2 0 0 0 0 0 0
IND3 15 1.18 18 39 I.34 52
IND4 756 1.32 998 961 1.5 1441
IND5 23 0.71 16 49 0.81 39
IND6 3886 I 3886 3782 1.14 4311
IND7 29 0.93 27 74 1.06 78
IND8 0 0 0 0 0 0
IND9 0 0 0 0 0 0
IND10 0 0 0 0 0 0
END 1 1 0 0 0 0 0 0
IND12 46 1.3 60 95 1.48 141
IND13 2000 I.11 2220 3783 1.27 4804
IND14 0 0 0 0 0 0
JAP 124 1.63 202 196 1.86 365
LAT 3424 2.09 7155 5020 2.38 1 1948
REX 60 1.63 98 76 1.86 141
NAF 17 2.44 41 19 2.78 52
SAF 771 I.18 910 1070 1.35 1445
SA 2 1 2 2 1.14 2
KOR 109 1.66 181 121 1.89 228
SEA 1013 1.32 1337 929 1.51 1402
US1 1544 2.15 3319 2092 2.45 5124
US2 0 0 0 0 0 0
US3 260 _.JJ 719 371 3.16 1173
US4 4461 2.79 1 2447 5586 3.18 17764
US5 2522 2.4 6052 3901 2.74 10688
US6 204 1.7 347 204 I.94 396
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Table A.4. (continued)
US7 1925 2.36 4543 1520 2.69 4089
US8 293 2.07 606 237 2.36 560
US9 3729 2.92 10888 4757 3.33 15839
US10 1862 3.12 5808 2081 3.55 7388
USll 3488 3.48 12140 3947 3.96 15632
US12 3372 3.09 10420 3494 3.53 12333
US13 2211 3.25 7186 2183 3.71 8097
US14 0 0 0 0 0 0
US15 286 1.64 469 314 I.87 587
US16 0 0 0 0 0 0
US17 0 0 0 0 0 0
ANHUI 432 1.42 613 446 i.62 722
BEIJIN 11 2.27 26 11 2.59 29
CHONGQI 43 1.17 51 47 1.33 62
FUJIAN 178 2.07 368 180 2.36 426
GANSU 124 1.6 199 131 1.82 238
GUANGDO 158 2.05 324 147 2.34 345
GUANGXI 167 1.37 228 182 1.56 284
GUIZHOU 86 1.36 116 90 1.55 140
RAINAN 14 1.85 27 14 2.11 30
HEBEI 243 I.58 384 396 1.8 713
HENAN 391 2.18 852 418 2.49 1042
ELJ 1723 1.67 2877 1766 1.9 3355
HUBEI 132 2.17 287 134 2.47 331
TIUNAV 122 2.21 271 124 2.52 313
JIANGSU 383 2.86 1094 316 3.26 1032
JIAVGXI 243 1.8 437 243 2.05 499
JILIN 597 2.37 1414 659 2.7 1779
LIAONING 166 1.69 280 162 I.93 313
NEIMONG 470 1.15 540 490 1.31 641
NINGXIA 32 0.71 23 32 0.81 26
QINGHAI 0 0 0 0 0 0
SHAAVXI 1727 0.96 1658 1238 1.09 1349
SHANDON 734 2.42 1777 796 2.76 2196
SHANGHA 4 3.25 13 4 3.71 15
SHANXI 144 1.4 202 128 1.6 204
SICHUAN 251 2.34 588 279 \_.6J 746
TIANJIN 17 I.21 21 17 1.38 24
XINGJIAN 86 2.96 254 106 3.37 358
XIZHANG 1 5.75 6 1 6.56 7
YUNNAV 121 1.57 190 173 1.79 310
ZIIEJIANG 170 2.34 398 161 2.67 430
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Table A.5. Rice Production in Base and Base-18 Models
Base Model Base-18 Model
Harvested Yield Production Harvested Yield Production
-------------------------------------------1000 metric tons------------------------------------------
ARG 208 4.4 916 200 5.19 1037
AUS 50 8.22 408 55 9.7 533
BRZ1 1583 2.5 3958 1618 2.94 4756
BRZ2 1479 2.97 4392 1124 3.5 3935
CAL 0 0 0 0 0 0
CBC. 0 0 0 0 0 0
Cue 0 0 0 0 0 0
CON 0 0 0 0 0 0
CQB 0 0 0 0 0 0
CSK 0 0 0 0 0 0
EUR 509 4.17 2124 390 4.93 1921
FSU-RE 1490 2.85 4245 1493 3.36 5016
IND1 73 1.47 107 69 1.73 120
IND2 4436 3.57 15836 5349 4.22 22573
IND3 270 1.92 518 700 2.27 1589
IND4 5153 1.98 10204 4818 2.34 11273
IND5 818 1.88 1538 612 2.22 1359
IND6 1499 0.91 1364 1499 1.08 1619
IND7 3397 1.32 4484 8825 1.56 13768
IND8 2986 1.13 3374 2986 1.33 3`9J,-
IND9 1201 1.38 1657 3132 1.63 5105
IND10 4036 1.49 6013 3992 1.76 7025
IND 1 1 5960 2.53 15079 5137 2.98 15309
IND12 2975 1.6 4759 2894 1.89 5470
IND13 7451 2.68 19969 4597 3.16 14527
IND14 2490 2.47 6151 1625 2.92 4746
JAP 1520 4.73 7190 1193 5.58 6654
LAT 5830 2.92 17023 3816 3.45 I 3 I 65
REX 51 3.22 165 48 3.8 181
NAF 608 6.4 3894 721 7.56 5450
SAF 12799 1.61 20607 14504 1.9 27558
SA 15891 2.45 38934 15827 2.9 45899
KOR 973 4.8 4670 758 S .C;J 4295
SEA 54123 2.35 127190 59568 2.78 165599
US1 0 0 0 0 0 0
US2 220 8.69 1914 418 10.25 4280
US3 0 0 0 0 0 0
US4 85 7.44 631 121 8.78 1059
US5 0 0 0 0 0 0
US6 69 7.59 526 107 8.96 960
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Table A.5. (continued)
US7 872 7.56 6591 841 8.91 7490
US8 0 0 0 0 0 0
US9 0 0 0 0 0 0
US10 0 0 0 0 0 0
USll 0 0 0 0 0 0
US12 0 0 0 0 0 0
US13 0 0 0 0 0 0
US14 0 0 0 0 0 0
US15 0 0 0 0 0 0
US16 0 0 0 0 0 0
US17 0 0 0 0 0 0
ANHUI 1688 3.65 6160 1516 4.31 6532
BEIJIN 11 4.45 48 11 5.25 57
CHONGQI 494 4.59 2268 536 5.42 2907
FUJIAN 826 3.46 2859 845 4.08 3448
GAVSU 5 5.69 29 5 6.71 30
GUAVGDO 1676 3.86 6469 1574 4.55 7162
GUAVGXI 1499 3.57 5353 1632 4.21 6869
GUIZHOU 468 4.25 1989 497 5.02 2494
HAINAN 248 2.74 681 246 3.23 794
IHBEI 111 3.06 339 180 3.61 650
IHNAN 343 4.64 1593 321 5.48 1761
in 2527 4.34 10965 2254 5.12 11538
REEI 5884 5.02 29535 5193 5.92 30743
HUNAV 2462 4.11 10120 2485 4.85 12052
JIANGSU 2912 5.47 15930 2101 6.45 13549
JIANGXI 1879 3.53 6634 1885 4.17 7859
JILIN 388 4.29 1664 428 5.06 2168
LIAONING 375 5.15 1933 321 6.08 1954
NEIMONG 74 4.08 301 77 4.81 368
NINGXIA 58 5.44 315 50 6.42 324
QINGHAI 0 0 0 0 0 0
SHAANXI 101 4.37 443 59 5.16 307
SHANDON 122 4.19 513 133 4.94 658
SHAVGRA 137 5.21 711 119 6.15 731
SHANXI 3 4.84 15 3 5.71 15
slcrmAV 1739 5.15 8958 1760 6.08 10703
TIAVJIN 42 2.74 116 42 3.23 137
XINGJIAN 121 5.17 626 131 6.I 796
XIZHANG I 3.65 3 I 4.31 4
YUNNAN 673 3.54 2383 967 4.18 4040
ZIHJIANG 1090 4.15 4523 1032 4.9 5058
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